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I. SUMMARY 

A.   This quarterly summary covers research work conducted in partial 
fulfillment of Contract N7onr-Jj62, Task Order I, during the period 16 November 
1951 to 15 February 1952.1 

S.   The more important results and conclusions of the work reported 
are presented below* 

1. A program has been initiated to study the chain-transfer 
characteristics of vinyl monomers containing nitro groups and aliphatic nitro 
groups generally. Preliminary results indicate that the trinitromethyl group 
has very strong chain-transfer tendencies* 

2. The kinetics of polymerization for pentaerythritol acrylate 
trinitrate Ymm been studied dilatometrically at 30, U0, and 50 C. The rate 
constants at these temperatures have been determined and the activation energy 
of the reaction has been calculated. 

3. It has been found that boron trifluoride etherate is a 
catalyst for polyurethane formation. However, increasing catalyst concentra- 
tion causes decreasing molecular weight, in a nonlinear manner. The mechanism 
of the reaction appears to be complex and has not yet been clarified. 

U. Continued attempts to substitute cellulose and polyvinyl 
alcohol oy means of trinitrobutyric acid or trinitropropyl isocyanate have 
not been successful. Accordingly, this work will be discontinued. 

5. Further attempts to prepare high polymers of glycidyl 
h,U,U-trir.itrobutyrate have not been successful. New work en the polymeriza- 
tion of nitro epoxides will be concentrated on compounds of lower molecular 
weight. 

6. Three new nitro polyurethanes have been prepared and 
successfully postnitrated. These polyurethanes are prepared from 

a. 3,3,5#7,7-pentanitro~l,9-nonane diisocyanate and 
2,2-dinitro-l,3-prcpanediol 

b. 3#3-dinitro-l,5-pentane diisocyanate and li.U.6,8,G- 
pentanitrc—1,U-undecanediol 

c. 3»3-dinitro-l,5-pentane diisocyanate and U,L,6,6,8,8- 
hexanitro-1,11-undecanediol. 

'T'revious work on this contract was covered in Aerojet Reports No. 330, ?.U5> 
371, 386, 386A, Uoh, Ul6, Ul7, Ul7A, h2h,  1*57, 1*61, 166, U82, U9U, 1*99, 515, 
5uC, and 563. 
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7, It was found that thermal stabilities of nitro polymers nay 
be greatly improved by a thorough bicarbonate washing. 

8, The solubility parameter of 2,2-dinitro-lt>propanediol has 
been determined from its solubility in acetone, methahol, and ethanol* ' 

9, The specific-impulse table for condensation polymers, first 
presented in Aerojet Report No. 5u0, has been revised and greatly expanded* 

10*  Creep measurements have been made on molded sheets of i j 
polyurethane I-^A and polyurea ITI-Aj the creep curves are presented. 

11. Burning-rate studies in the Crawford bomb have been conducted 
on polyurethane I-A, At 1000 lb and 60°F the burning rate was found to be 
O.lUi in./sec, 

12. A rapid method has been found for the preparation of esters 
of nitro alcohols, by conducting the reaction in concentrated sulfuric acid. 
However, the yields are generally lower than those obtained by the standard 
procedure, 

13. Work has been conducted on the purification of 2,2-dinitro- 
butyl acrylate so as to obtain a monomer with reproducible characteristics. 
The purified material now gives good high-molecular-weight polymer which is ' 
soluble in solvents such as acetone, 

lli.  The synthesis of c<.(2,2-dinitropropyl) acrylic acid has been 
completed. If esters of this acid can be polymerized, many new monomers will 
be available as potential propellant ingredients, , 

1$,  A relatively safe method has been developed for the dis- 
tillation of l»,U,U-trinitrobutyryl chloride from a "carrier solvent" in a glass 
falling-film still, 

16,  The following new compounds iiave been prepared for use as 
intermediates or plasticisers: 

a, bis(5,5,5-trinitro-2-keto-l-pentyl) carbonate 

b, bis-chloroformate of u,U,6,8,8-pentanitro-l,ll- 
undecanediol 

c, l,2-bin(U,U,b-trinitrobutyroxy) ethane 

d, l,2,3~tris(b,l4,U-trinitrobutyroxy) propane 

e, l,2-bis(U,U,U-trinitrobutyroxy) propane 

f, l,S-bis(U,l4,U-trinitrobutyroxy)-3-oxa-pentane 

Page 2 
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g#        1,2-diac ryloxyj r opane 

h.        1,5-diacryloxy-Voxapentane 

i.        3-trinitromethyl cyclohexanone 

17.      Data sheets (SPIA) have been completed for four nitro 
compounds previously prepared on the program, 

II.      TECHNICAL PROGRESS t    NITRO POLYJgRS 

A.        VINYL POLTJfERS 

1.        Chain-Transfer Study of Nltro Compounds 

a.   Introduction 

(1) The primary objective of the nitro polymer 
program is to produce an "ideal" monopropellant containing aliphatic nitro 
groups. The two approaches being pursued at present for the preparation of 
nitro polymers are (1) condensation of appropriate functional nitro monomers 
and (2) the vinyl-type polymerization of unsaturated nitro compounds. Of the 
latter type only three monomers have been available in sufficient quantity 
for study. It became apparent that these monomers differed from other vinyl 
monomers* such as styrene and methyl methacrylate, in the following respectst 
(1) the polymerization rates were slower than those observed for compounds 
which do not contain nitro groups; and (2) the molecular weights of the 
polymers were very low. This fact was substantiated by the low molecular 
weights (determined osuotically), low intrinsic viscosities, and extreme 
brittleness of the polymers. Inasmuch as polymers of very low molecular weight 
usually possess undesirable physical properties, it was important to determine 
the cause of these characteristics. This information must be available, so 
that either the properties of these polymers may be improved, or specifica- 
tions given for the preparation of new nitro monomers. 

. . i 
(2) Although explanations may be advanced for the 

behavior described above, no experimental data have been available to 
substantiate them. However, by comparison with monomers which do not con- 
tain nitro groups, it seemed that the nitro group was actively participating 
in the polymerization. Nitro aromatic compounds are well known as polymeriza- 
tion inhibitors. Also, the low molecular weights obtained could be explained 
by assuming that the nitro group was involved in chain transfer of the 
polymeric radical to the monomer. In order to obtain a better understanding 
of the polymerization of olefinic nitro monomers, a program was initiated to 
study the chain-terminating effects of the nitro group. 

Page 3 
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b.   Discussion 

(1) So that the problems involved may be more clearly 
understood, it is appropriate first to discuss briefly the fundamental theories 
of bulk and solution polymerization. Studies by a number of workers on radical 
chain-polymerization of vinyl monomers have shown that the facts are consistent 
with the following mechanism:2 

where 

cat. 
kl 
 =^-» R.          Initiation (1) 

R. • 
k2 

M £-» Rl^.        Qrowth (2) 

Rll- *2 
(3) tUBn • 

"V • RMp.  ~ > RMn+pR  Termination 

• RMp. —^-> RMn • RMp 

(U) 

«*«• (5) 

cat. - catalyst 

R. - catalyst radical 

M » monomer 

RMJ.   RMQ. - chain radical 

(2)  The kinetic consequences of these equations show- 
that the rate of conversion of monomer to polymer is given by the following 
expression: 

3 

where 

[C^- cone, of all free radicals 

k3 * kc + kd 

Mark and Tobolsky, Physical Chemistry of High Polymeric Systems (Interecience 
Publishers, Inc., N.I., 1950J. -—— 
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(3)  The kinetic chain length, 7, is given by» 

.  velocity of growth   . *2 MM . ^M . ^M       (?) 

velocity of termination   k^c*j2 "  ^^  (j^VZ Teat] V? 

(U)  In order to obtain a complete understanding of 
vinyl polymerisation it i« necessary to introduce the concept of chain 
transfer to monomer and to polymer. 

RV • M  ^ ) Rl^H • M. (8) 

M. • M  k2 > Mg.  » » Uj,. (9) 

Chain transfer to monomer or to catalyst affects the number average degree of 
polymerization, Pn. Chain transfer to polymer does not affect Pn, but 
introduces branching. In cases of mono-radical initiation and no chain 
transfer to catalyst the following relations can be derived: 

i . "« . (*. * Ed)172 (*!>V2 l^2 fr.*«ft flo, 

% *r sris v^v 'n 

/-d[ll? 

(11) 
*£     "^ (2kg)2   [K]2 

1      -1/2   1   "^W *TM Plots of a- vs jcatj*    or =- vs jm  give the values of -r-— at the intercept. 
*n pn * 

The relative values of kQ and k^ can be determined from the relation 

kiM/(-arj 
provided that k^_ [cat] , the rate of spontaneous decomposition of catalyst, can 
be determined by independent measurements. 
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(5)      In order to determine the effect of the nitro 
group on the polymerization of vinyl monomers which do not contain nitro groups, 
it has been decided to investigate the chain-transfer abilities of certain 
polynitro compounds, such as trinitroethyl propionate, 1,1,1-trinitroethane* 
and 2,2-dinitropropane.    The monomers selected are styrene, methyl methacrylate, 
and vinyl acetate.    Chain transfer of this type can take place by the following 
equations: 

M^. • SI i-+ TIMJi • S. 

S.  • M *SM. ->  -»s*n- 
where 

SI » chain-transfer agent 

S. - chain-transfer radical 

Under these conditions the expression for Pn becomes: 

(13) 

(Hi) 

Pn " velocity of propagation/velocity of termination • velocity of 
transfer to monomer • velocity of transfer to 91 

kgMH 
k3[c^2,kT[c*][s]+kTM[c*][-] 

(15) 

k3[c*] • k,[3] • k^M 
(16) 

A       (k^2   [cat]1/2      ^^[3] 
(17) 

Plots of ——vs   [Sj/[MJ   should therefore  give straight- Hn*»s wfmea intercept is 
ln 

(kjkj)1'2   [cat}1'2/^ * fcriAa *nd wllose 3l°Pe ia *?/k2* 
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(6) Styrene, methyl methacrylate, and vinyl acetate 
were selected because they are monomers containing both electron-donating and 
electron-attracting groups. In addition, the literature contains valuable 

information from which P*n can be calculated. Trinitroethyl propionate and 
trinitroethane were selected because of their structural similarities to 
trinitroethyl acrylate and methacrylate. It was also decided to study the 
effect of dinitropropane on the polymerization of the above-mentioned monomers, 

(7) Equation (17) can be applied to obtain valuable 
information on the polymerization of ordinary vinyl monomers in the presence 

of polynitro additives. A plot of — vs [$ /[ll] should b^ a straight line 

whose slope is krcA^* the ratio of the rate constant of chain transfer to 
nitro compound ana rate constant of chain propagation. 

(8) In order to study the chain transfer of tri- 
nitroethyl methacrylate it is proposed to study the polymerisation of this 
monomer in a solvent of similar structure, containing no nitro groups. An 
ester such as ethyl propionate would be suitable. If this nitro monomer 
follows the kinetics of other vinyl monomers the rate given by Equation (6) 
would be expected to be valid. This equation predicts that the rate is 
proportional to the square root of the catalyst concentration and to the 
monomer concentration. However, since chain transfer to catalyst usually is 
small enough to be neglected, and since the solvent is inert, the average 
degree of polymerisation P*n should be independent of solvent concentration. 
This, means that the first and third terms in Equation (17) may be neglected; 
the equation then reduces to l/P « kmw/l^. Indeed, the degree of polymeriza- 
tion in an inert solvent should be the same as that obtained in bulk (using 
the same catalyst concentration, temperature, etc.). 

(9) The experimental work necessary to confirm the 
above predictions would consist of polymerizing trinitroethyl methacrylate in 
several solvent/monomer ratios between 0.001 and 2.0. using the same catalyst 
concentration (relative to monomer). At each [S] /[ifl ratio a yield vs time 
curve would be plotted and the intrinsic viscosity of each sample would be 
determined. For certain solvent/monomer ratios the catalyst concentration 
would then be varied and th% polymerisation rate would be determined. 

(10) By plotting the rate vs square root of the 
catalyst concentration a linear relationship should be obtained. Also, a plot 
of the rate vs monomer concentration should be linear. 

(11) The data obtained from the experiments outlined 
above should serve to define the function of the nitro group during 
polymerization. 
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c.   Chain Transfer of Trinitroethyl Propionate 

(1)  Polymerization of Styrene - Discussion 

(a) Because of its structural similarity to 
trinitroethyl aerylate, it was decided to investigate first the effect of 
trinitroethyl propionate on the polymerization of styrene. In order to do so 
it was necessary to carry out some preliminary polymerisations to define " 
approximately the effect of the trinitroethyl propionate molecule on styrene. 
The polymerization of styrene was carried out at 1*5 C for Uo hr, using methyl 
n-amyl ketone peroxide as catalyst. The concentration of catalyst was kept 
constant at 2 mol percent and the amount of trinitroethyl propionate was varied 
from 0 to 20 mol percent. The data obtained are listed in Table I. 

(b) It can be seen from these data that 
practically complete inhibition occurs at trinitroethyl propionate concentra- 
tions of 1 mol percent or more. The nature of the inhibition is questionable, 
since the addition of trinitroethyl propionate to styiene gave an immediate 
yellow color* This may have resulted from the formation of some type of 
molecular complex* 

(c) In sample No. 1 (20 mol percent trinitro- > 
ethyl propionate used) a crystalline compound different from the original j 
starting materials was obtained. Elemental analysis indicates that this 
substance has the empirical formula C$t$ti$t$Ht50^,3* Further efforts will be 

made to identify this substance, since it may indicate the nature of the 
reactions involved* 

(d) The intrinsic viscosities of the polymers 
obtained are also listed. Examination of these values shows that the viscosity 
increases as the concentration of the trinitroethyl propionate decreases* 
Inasmuch as the percentages of conversion also increases, these values give 
only qualitative evidence for chain transfer by trinitroethyl propionate. 

(0)  A quantitative determination of the chain- 
transfer ability of trinitroethyl propionate in styrene (i»e., the determination 
of k«j/k2»3 the ratio of rate constants for chain transfer a<vi chain propagation) 

is nov in progress. *lthougii t.ha re<jults are still ir.-.omplete, it appears that 
complete inhibition takes place at U5°C when 1 mol percent of the ester is used, 
the polymerization being catalysed by 0*1 mcl percent methyl n-amyl ketone 
peroxide* Using the same amount of catalyst, the polymerization is very slow 
when 0.1 mol percent of trinitroethyl propionate is used; the conversion is 
about y% after one week at U5°C. In view of these results a comparative study 
of the polymerisation of styrene at three concentrations of methyl n-amyl 
ketone peroxide, 0*1, 0.25, and 0,50 mol percent, was carried out. ~The values 
for the rate of polymerization, Rp, at the corresponding catalyst concentra- 
tions, are O.059o, 0.101, and 0.12u mol liter^hr"*1 for conversions which are 
between 25 and 30£ complete. Although the determination of the viscosities is 
not complete, from a consideration of time involved it appears more feasible to 
use concentrations of catalyst greater than 0.1 mol percent* 

^See Equation (17). 
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(?)  Polymerization of Styrene - Experimental 

(a) The styrene used in the polymerization was 
distilled under nitrogen through a 3-ft glass-helices-packed column just before 
use; the bp was 63 C at 50 mm. The polymerizations were carried out in the 
following manner: The appropriate quantities of trinitroethyl propionate, 
styrene, and methyl n-amyl ketone peroxide were placed, in order, in thoroughly 
clean test tubes (16 x 150 mm). The total number of mols of constituents was 
kept at C.OL18. The concentration of methyl n-amyl ketone peroxide was tept 
constant at 2 mol percent, based on styrene."* The concentration of trinitro- 
ethyl propionate varied from 0 to 20 mol percent. The test tubes were cooled 
in dry ice, flushed with nitrogen, sealed, and then placed in the U5 C bath. 
After U0 hr the samples were dissolved in an equivalent volume of acetone and 
the mixtures poured into 50 ml of methanol containing a small amount of n-butyl 
catechol. The precipitated polymers were collected, dried in the vacuum 
desiccator using an oil pump for U8 hr, then weighed. The dried polymers were 
next dissolved in about 25 times their weight of benzene and precipitated into 
five to six volumes of methanol. The samples were then thoroughly dried. 

(b) Viscosity measurements were taken by 
dissolving 0.200 gm of reprecipit&ted polymer in 50.00 ml of anhydrous benzene; 
the mixture was permitted to stand for U8 hr and the time of flow was deter- 
mined in a modified Ostwald viscometer. The viscosity was calculated from the 
relationship 

H 
2.30 log £- 

where t • time of flow for polymer solution, tp • time of flow for solvent, 
and c » concentration in grams of polymer per 100 ml of solution. 

(c) The experiments to determine the value of 
kj/k2 were carried out in a modified manner. The appropriate quantities of 
styrene, trinitroethyl propionate, and methyl n-amyl ketone peroxide (enough 
for six runs) were weighed and mixed, and 10.00-ml aliquots were taken. The 
density of the mixture was determined in order to calculate the total volume 
of solution present. The test tubes containing the samples were then treated 
in the usual manner* 

(d) A mixture of 2.270 gm (O.OO96 mol) of tri- 
nitroethyl propionate, ii.OOO gm (0.038U mol) of styrene, sad 0.226 en (0.000768 
mol) of methyl n-aayl ketone peroxide, when subjected to the polymerization 
conditions described above, resulted in no polystyrene but gave a small amount 
of crystalline product. This unknown colorless substance, when crystallized 
several times from methylene chloride and n-hexane, melted at 98 to 99 C. 

Analysis Found* %C,  66.89; *H, 5.U9; *N, 6.79 
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(3)  Polymerization of Methyl Methacrylate - Dis- 
cussion 

To determine values of kr/k2 for methyl 
methacrylate and various nitro compounds, a relationship between intrinsic 
viscosity and the degree of polymerization P*n is needed. Tobolsky has deter- 

mined such a relationship:^  |V] " 2.$2  x 10~ Pn ' • Two polymerizations 

of methyl methacrylate using benzoyl peroxide as a catalyst were carried out 
according to the method of Tobolsky to see whether comparable results could 
be obtained. The polymerizations were carried out for 29 and 30 min, using 
0.160 mol/liter of benzoyl peroxide at 60WC. The corresponding conversions 
were 13.2 and !$,$%, respectively. Tobolsky reported 1$% conversion and an 
intrinsic viscosity of 0.87U. The viscosity of the crude polymer was found 
to be 0.6l. When the polymer was reprecipitated once from chloroform and 
aethanol the viscosity was essentially the same. 

(U)  Polymerisation of Methyl Methacrylate - 
Experimental 

Methyl methacrylate (Du Pont) was distilled 
under nitrogen at 30 nr pressure* * 0s968Vgm quantity of bensoyl peroxide 
(0.160 mol/liter) was weighed into a 25-ml volumetric flask and methyl 
methacryldte wa3 added to make 25 ml of solution. Two 10-ml aliquots were 
taken and placed in test tubes; the tubes were flushed with nitrogen, sealed, 
and placed in the rO°C bath. The first sample was polymerized for 29 min and 
the second for 30 min. The polymers were precipitated in methanol containing 
t-butyl cate":hol, collected, and dried in a vacuum desiccator for 2U hr. The 
yields were i.2l*9 yn (13,?$ and 1.U76 (.15.5%),  respectively. The viscosities 
were determined in the usual manner. 

d.   Chain Transfer of Trinitroethyl Methacrylate 

(1) As an introduction to the determination of the 
chain-transfer characteristics of trinitroethyl methacrylate, bulk polymeriza- 
tion of this mater??.! is being studied, using methyl n-amyl ketono peroxide 
(IAKP) as initiator. 

(2) If the polymerization is terminated while the 
percentage of conversion is low, the concentration of the monomer will remain 
essentially constant and the rate becomes zero order with respect to monomer. 

Thus, '-?*- - k- [c*j rather than being defined by Equation (6). 

(3) The rate of polymerization vs catalyst concen- 
tration is being studied. A plot of the rate vs the square root of catalyst 
concentration should be linear, provided that the catalyst itself does not 
exhibit chain transfer. Since no information is available on the initiator 
MA.KP, the rate vs catalyst concentration is being investigated. The data 
available are insufficient to warrant conclusions. 

Paper in press. 
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(U)  Experimental 

(a)  A mixture of 0.3097 gm of MAKP and 30.9981* 
gm of trinitroethyl methacrylate was divided, in known portions, among six 16- 
x 150-nst tsst tubes which had been specially cleaned. The air above the monomer 
mixture was displaced with nitrogen and the tubes were placed in a £0.0 ± 0.15°C 
stirred oil bath. At intervals a tube was withdrawn and the polymer wa.> 
immediately precipitated by pouring the mixture into 100 ml of n-hexane. The 
polymer was filtered and washed with an additional 100 ml of hexane. The 
relative and intrinsic viscosities were determined on samples of sufficient 
weight. The results are summarized in Table II. 

TABLE II 

BULK POLYMERIZATION OF TRINITRCETirYL METHACRYLATE WITH 

1$ MAKP AT 5o°n 

Weight of 
Monomer 
Mixture 

ga 

Weight of 
Polymer 
Formed 

gm 
Time 

hr 

1.5 

Polymerized 

1.691 

Rate 
Constant k 

mol/liter/sec 

1.68 x 10-5 

Jkl w" 
5.5537 0.0939 

5.U530 0.131*7 2.5 2.1*70 1.1*7 x 10-5 1.059b 0.058 

5.010U 0.1731* 3.5 3.1*61 1.1*7 x 10-? l.059b 0.058 

5.0016 0.231*5 5.0 U.689 1.39 x 10-5 1.126 0.060 

5.0785 0.5057 10.0 9.958 1.I9 x icr5 1.122 0.058 

5.0559 0.5567 11.0 11.01 1.1*9 x 10-5 1.118 0.056 

Concentration of 2 gm of polymer in inn ml of acetone 

Concentration of 1 gm of polymer in 100 ml of acetone 

'Calculated by the Baker equation Ml 
c • concentration. 

I (,0.1s.,). where 

(b)      Another rate determination was carried out 
in the same manner, using a mixture containing 0.0773 gm MAKP and 30.9979 gm of 
trinitroethyl methacrylate.    These results are given in Table III, 
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TABLE III 

BULK POLYMERIZATION OF TRINTTRCETHTL MBTHACRTLATE WITH 

0.25* MAKP AT 50°C 

Weight of 
Monooer 
Mixture 

Weight of 
Polymer 
Formed Tins % 

Rate 
Constant k 

0> m hr 

2.0 

Polymerized 

1.61*7 

mol/liter/sec 

1.2U x 10-5 
^r M* 

5.3182 0.0876 

5.U265 0.1696 U.0 3.125 1.17 x 10"5 1.058* 0.056 

5.0632 0.2071 5.5 U.090 1.12 x 10"* 1.089b 0.057 

5.0258 0.2916 8.0 5.802 1.09 x 10~* 1.122c 0.058 

5.0273 0.3U17 9.83 6.797 1.0U x 10~5 1.127° 0.060 

5.0689 0.863U 21.5 17.03 1.19 x 10~5 1.257* 0.058 

Concentration of 1.00 gm of polymer/100 ml of acetone 

Concentration of 1.50 gm of polymer/100 ml of acetone 

Concentration of 2.00 gm of polymer/l00 ml of acetone 

Concentration of U.00 gm of polymer/IOC ml of acetone 

Calculated by the Baker equation. 

(c)  It is observed that there is no detectable 
change in the intrinsic viscosity,although fourfold change of catalyst con- 
centration occurred. It is also to be noted that the rate at 0.25£ catalyst 
concentration is not half the rate at 1% initiator concentration, as would 
be expected. 

2.   Pentaeryt-hritol Trinitrate Acrylate 

a.   Determination of Polymerization Rate 

(1)  The polynerization rate of pentaerythritol 
trinitrate acrylate (petrin acrylate) in acetone solution has been determined 
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at 30, bO, and 50°C. The over-all activation energy has been calculated from 
the rate constants. The dilatometric method described in an earlier report^ 
«ns" used to determine these values. The rate constants were calculated for a 
zero-order reaction, expressed as percent per hour, although the polymerization 
appeared to be of complex order. The rate constant, k, was found to be 2.2/C/hr 
at 30°C, 5.3%/hr  at U0°C, and 10.07*/hr at 50°C. The activation energy was 
found to be approximately Ik  kcal/n?^ The data are given in Tables IV, V, and 
71, and plotted in Figures 1, 2, 3, and U. Density data are presented in 
Figure 5. 

(2)  The dilatometers were prepared by blowing 1.5- 
to 2-ml bulbs on 1-mm capillary tubing. After calibration, the dilatometers 
were filled with a solution of 5.0U9 gm of acetone containing 5*000 gm of 
petrin aerylate and 0.0501 gm of methyl n^amyl ketone peroxide. The filled . 
dilatometers were placed in the appropriate baths and the rats of polymeriza- 
tion was followed by checking the fall in the level of the meniscus, until 
sufficient data were collected to plot a rate curve. The solutions were 
cured at 50°C for seven days, then removed; the polymer was precipitated by 
pouring into methanol. The polymer from the 30°C bath had a relative viscosity 
of 1.U9 in acetone at a concentration of 2 gm/100 ml. 

b#   Solution Polymerization 

(1) It was observed from the kinetic study that the 
50 wtjC solutions of polymer had not gelled. It had been reported in preliminary 
experiments that the polymer was acetone-insoluble. Another set of experi- 
ments was then carried out to confirm these observations. A 50£ solution, j 
using 1 or 0.25$ methyl n-amyl ketone peroxide catalyst, gave soluble polymers. 
At 75£ monomer concentration, using the same quantities cf catalyst, gels were 
formed which appear to be completely acetone-insoluble. However, they imbibed 
solvent and swelled considerably. 

(2) The soluble polymer prepared using 1%  catalyst 
had a relative viscosity of 1.73. With 0.25£ catalyst the relative viscosity 
was of 1,67. Although these data are not consistent, the monomer appears 
promising and future work is indicated. 

3.   Vinyl Trinitrobutyrate 

It was reported that a possible co-poiymer of vinyl trinitro- 
butyrate (VTB) and acrylonitrile had been obtained. Additional experiments, 
in attempts to obtain a co-polymer with higher molar ratios of VTB. have 
failed. Inasmuch as all of the past work with this monomer has been un- 
successful, no future work is anticipated. 

'Aerojet Report No. U99 (16 March 1951). 
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IABIE IV 

POLIHERIZATION OF PETRIN ACRTUiE AT 30°C 

(AVT - 1*.78 x 10-2 ml) 

At, hr Ah, cm 

0 

AV, ml 
% 

Polymerized 

0 0 0 
0.5 0 0 0 
1.0 0 0 0 
2.0 0 0 0 
U.5 0 0 0 
5.0 0.01 7.61 x 10-5 0.159 
6.0 0.08 6.09 x lo-l* 1.28 
7.0 0.08 6.09 x io-u 1.28 
8.0 0.09 6.81* x lo-U 1.1*3 
9.0 0.10 7.61 x lo-U 1.59 

10.75 0.19 1.1*5 x 10-3 3.03 
12.0 0.20 1.52 x io-3 3.19 
17.0 0.22 1.67 x 10-3 3.50 
19.0 0.35 2.66 x 10-3 5.57 
21.0 o.55 l*.io x 10-3 8.75 
22.0 . 0.66 5.03 x 10-3 10.5 
23.0 0.79 6.01 x 10-3 12.6 
21*.0 0.93 7.07 x ID-3 UU.8 
25.0 1.08 8.22 x 10-3 17.2 
26.0 1.19 9.06 x 10-3 19.0 
27.5 1.39 1.06 x loi 22.2 
29.5 1.69 1.29 x 10-2 26.9 
31.5 1.81* 1.1*0 x I©"2 

29.3 
33,25 2.09 1.59 x 10-2 33.3 
35,25 2.27 1.73 x ioi 36.2 
37.0 2.1*0 1.83 x lCr2 

38.2 
39.0 2.57 1.96 x 10-2 U0.9 
1*1.5 2.78 2.12 x 10-2 l*l*.2 
1*3.0 2.85 2.17 x 10-2 1*5.1* 
1*7.0 3.09 2.35 x 10-2 li9.2 
50.0 3.29 2.51 x 10-2 52.5 

! 
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TABLE V 
i 

POLYMERIZATION OF PETRIN ACRYLATE AT U0°C 

(AVT - 3.91 x 10-2 ni) I 
I 
i 

At, hr Ah, cm 

0 

AV. ml 
% 

Polymerized 

0 0 0 
0.5 0 0 0 
1.0 0.02 1.U5 x 10-Ji 0.371 
1.5 0.05 3.63 x 10-^ 0.927 
2.0 0.07 5.08 x lo-k 1.30 
U.O 0.15 1.0S x 10-3 2.78 
5.0 0.19 1.38 x 10-3 3.52 
6.0 o.Uo 2.90 x 10-3 7.U2 
7.0 0.65 U.71 x 10-3 12.1 
7.75 0.87 6.31 x 10-3 16.2 
8.75 1.08 7.8U x 10-3 20.1 • 

10.5 1.59 1.15 x 10-2 29.5 
11.75 1.67 1.21 x 10-2 31.0 
13.25 2.06 1.50 x 10-2 38.2 
lii.75 2.28 1.66 x 10-2 U2.3 
16.0 2.52 1.83 x 10-2 U6.7 
17.0 2.61 1.89 x 10-2 U8.U 
19.0 • 2.86 2.06 x 10-2 52.5 
22.0 3.19 2.31 x 10-2 59.1 
2U.0 3.39 2.U6 x 10-2 62.9 
25.0 3.U9 2.53 x 10-2 6U.7 
26.0 3.57 2.59 x 10-2 66.2 
ia.25 U.57 3.32 x 10-2 85.0 
U3.0 U.67 3.39 x 10-2 86e7 
U6.0 U.77 3.U6 x 10-2 88.5 
5o.o U.93 3.58 x 10-2 91.5 
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TABI£ VI 

POLYKERIZATION CF PETRIN ACRYLATE AT ?0°C 

(AVT « 3.76 x 1CT2 ml) 

At, hr Ah, cm 

0 

6V, ml Polymerized 

0 0 0 

0.5 0.03 2.36 x 10-^ 
1(7? 

0.628 
l.C 0.05 3.9u x 1.05 
1.5 0.05 3.91 x 10"1* 1.05 
1.75 0.10 7.87 x 10-JJ 2.09 
3.5 0.97 7.63 x 10-3 20.3 
U.o 1.18 9.29 x 10-3 2U.7 
U.5 1.38 1.09 x 10-2 23.9 
5.0 1.61 1.27 x 10-? 33.7 
5.5 1.79 1.U1 x 10-2 37.5 
6.C 1.98 1.56 x _0-2 bi.5 
6.5 2.13 "U^A r. 10-2 Liu .6 
7.25 2.?8 1.80 x 10-2 L7.7 
8.25 2.U6 1.9)i x 10-2 51.7 

10.C 2.76 2.17 x 10-2 57.7 
11.33 2.88 2.27 x 1CT-2 60.U 
12.67 3.06 2.U1 x 10"? 6L-1 
lii.33 3.09 2.U3 x 10-2 6h.6 
15.5 3.23 2.5b x 10-2 67.9 
16.5 3.33 2.62 x lO-2 

69.7 
18.5 3.51 2.76 x 10-2 73.U 
21.5 3.71 2.92 x 10-2 77.6 
22.0 3.72 2.93 x lO"2 

78.0 
2U.0 3.83 3.02 x 10-2 80.2 
25.0 3.e5 3.03 x 10-2 30.6 
25.5 3.88 3.06 x 10-2 31.2 
Ul.o 3.97 3.13 x lO-2 

83.1 
U.o 3.97 3.13 x 10-2 83.1 
U6.0 3.85 3.03 x 10-2 80.6 
U9.0 3.82 3.C1 x 10-2 80.0 

Paee 17 

CONFIDENTIAL 



CONFIDENTIAL 

II Technical Progress, A  (cont.) Report Mo. 590 

50 

1,0 

I 

20 

10 

Itate of poljatrltotton of po'.i-ln 
acrjlat*  In r,M aeototM aolu'ton 
• t 5CC,  ualas  1)1 mtt.hjl n-««yl 
kotono poraxldo •• catalyst. 

k • 2.24</hr 

oo   o o o 

»,  hro 

Figure 1 

Figure 2 

Page 18 

CONFIDENTIAL 



CONFIDENTIAL 

Tfn 

il Technical Progress, A  (cont.) Report No. 590 

lut* or polyMrlutlon of potrlx 
•0^/ili• to 5<* «e»ton» •olutlon, 
•t $0<»C, wl» if aothjl n-*mjl 
k*tctw porosld* ••  c«t»l7»t. 

k • 9.97</hr 

i_U 
T3-~ 

t, hr» 

Figure 3 

2.0 

M 

1.0 

r^\  !   !       II! 

_i iSv. t  
j —   •  f»trln «orjUt« foljMrlMtloa 

—•. .      rs Sv" • 
. L .  . flat •n/lnlal 

- - - :     ' •      • 

• • Ik.1) koal/aol* 

.   .   .   |. 
1    Xto; -•            

I 
1     | ;       ^X: / 

i 

...... 

1 .       N^ 
• 

 u 1_ 
• •  • 

i 
•       I       '               I       1 

i i : i"i 
T   •        :   i   h 

i   ;   r 1  1" 1 
1                                                                                                   ^^ 

5.1 J.2 

VT * 10*5 

Figure !; 

5.5 

Page 19 

CONFIDENTIAL 



r-^T» rra 

CONFIDENTIAL 

II Technical Progress, A (cont.) Report No. 590 

v>c 

Figure $ 

U.   Trinitroethyl Methacrylate 

a. A sample of polytriiiitroethyl methacrylate which was 
to be used in the determination of data for the SPIA data sheet was prepared 
several months ago. Because of the rather poor analysis of this sample (JPK-U). 
before and after steam distillation, and the poor agreement with the predicted 
heat of combustion, the sample was not used in the evaluation tests. 

b. Another sample (JP&-30) of polymer was prepared to 
raplace the previous batch. However, again it was observed that the elemental 
analysis was in poor agreement with the theoretical. The carbon and hydrogen 
values were high; added confirmation of the disagreement was obtained from the 
heat of combustion data, which was higher than that predicted for the 
postulated structure. 

c. Experimental 

A 0.3125-gm (0#25i) quantity of methyl n-amyl ketone 
peroxide was added to 125.0 gm of trinitroethyl methacrylate. The mixture was 
melted and thoroughly mixed, then evenly divided among 13 test tubes (16 x 
150 mm) which had been cleaned in chromic acid, washed with distilled water, 
washed with acetone, and finally dried at 7£°C. Nitrogen was used to displace 
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the air above the monomer and the tubes were sealed. Polymerization proceeded 
for 172 hr at kO°C. followed by 87 hr at $0°C. The polymer (115 gm) was 
dissolved in an equal weight of acetone and precipitated in h  liters of hexane. 
The supernatant liquid was decanted and the polymer was slurried with 2 liters 
of hexane. After the material was filtered and dried by pumping in vacuo for 
two days, a sample was submitted for analysis. The softening range was 160 to 
170°C, and the impact stability was 30 cm/2 kg; the relative viscosity at a 
concentration of 2 gm/100 ml acetone solution was 1.19. and the mp of the 
monomer 28.30°C. I ( 

Anal, calc'd for CfiHyM^s    %C, 28.93; *H,  2.83; *N. 16.87 

Monomer:    %C, 29.51;  SH,  2.90; *N. 17.10 

Polymer:    %C, 33.67; *H, 3.72; *N, 13.U1 

Heat of combustion of polymer:    3171, 3065 cal/gm 

Predicted:    2817 cal/gm 

B.        ADDITION AHD CONDENSATION POLIMERS 

1.        Introduction 

a. In general, monomers containing nitro groups react 
less rapidly than those without nitro groups.   As the number of nitro groups 
per monomer is increased, the tendency to decompose usually increases with an 
increase in temperature.    A material that would catalyze the polymerization 
reaction would make the rate of polymerization of highly nitrated monomers 
practical at lower temperatures, thus decreasing decomposition.    Of the 
materials tested, boron trifluoride etherate showed the largest catalytic 
effect on the rate of nitro polyurethane formation.    During this report 
period, boron trifluoride catalysis has been further studied and used as a 
practical method of increasing the rate of nitro polyurethane formation. " 

b. Work was continued on the preparation of new poly- 
urethanes and larger quantities of those previously prepared. 

c. Further attempts to esterify polyvinyl alcohol and 
oj-celiulose with nitro acid chlorides and anhydrides have failed.    The reaction 
of polyvinyl alcohol with 3,3,3-trinitropropyl isocyanate was also unsuccess- 
ful.    This work will not be continued. 

d. Alkaline catalysis of the polymerization of glycidyl 
U,U,U-trinitrobutyrate was not effective.    In several cases there was indica- 
tion of degradation of the trinitroraethyl end group.    Hydrogen chloride, 
boron trifluoride, and an alkane sulfonic acid were also ineffective.    This 
work will be continued using glycidyl butyrate as a model. 
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2.   Polyurethanes 

a.   Kinetic Studies 

(1)  Boron Trifluoride Catalysis of Polyurethane I-J. 
from 3,3-Dinitro-l,5-pentane Diitocyanate and 
2-Nitr c- 2-methyl-l,3-propanediol 

(a) Work reported previously6 indicated that 
boron trifluoride etherate was an excellent catalyst for the reaction of nitro 
diisocy^nates with nitro diols in dloxan solution. This catalytic effect was 
studied in more detail using the monomers 3,3-dinitro-l,5-pentane diisocyanate 
and 2-nltro-2-methy 1-1,3-propanediol in dioxan solution. This particular 
polymer, I-J, was cnosen for the experiments because the rate of [-NC0J disap- 
pearance could be readily measured by the standard analytical procedure. 

(b) All of the experiments were performed on a 
single mixture of the monomers in anhydrous dioxan. Equivalent amounts of the 
reactive groups [-0H] and E»NC0] were used. In three separate experiments, 
increasing amounts of boron trifluoride etherate were added to the standard 
mixture and all were maintained at 30°C in the same constant-temperature bath, 
together with the control containing no catalyst. Samples were periodically 
removed and analyzed for £NCOj . Figure 6 is a plot of isocyanate concentration 
vs time for the uncatalyzed reaction and two of the catalyzea reactions, The 
third catalyzed reaction, in which an equivalent quantity of boron trifluoride 
etherate was used, was too rapid to measure and the heat evolved raised the 
temperature above that of the bath. 

(c) The uncatalyzed reaction was found to be 
second order and the value of the rate constant at 30°C was K300 • 6.6 x ICr 
liters equivalent"1 hr-1. At 50°C the rate constant was K500 • 2,3 x 10-3 
liters equivalent"1 hr"1. The catalyzed reactions were more complex and, 
when plotted as second-order reactions, straight lines were not obtained. The 
initial rate of fNCOJ disappearance increased as the amount of boron tri- 
fluoride etherate was increased. Another control experiment showed that 
isocyanate is not consumed by boron trifluoride etherate in dioxan at 30°C. 

(d) Curve 2 of Figure 6 shows the rate of 
isocyanate disappearance in the presence of 0.0193 equivalent of catalyst per 
equivalent of £.NC0] or [Qttj . The initially rapid rate decreased to the rate 
of the uncatalyzed reaction after about half of the total isocyanate had been 
consumed. Addition of more catalyst at this point increased the rate of 
isocyanate consumption. This indicates that the catalyst is slowly consumed, 
probably by forming a complex with the polyurethane that is formed. 

Aerojet Report No. 563 (31 December 1951). p. 12. 
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In Tlau 
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Figure 6 

(e) Further evidence of boron trifluoride 
consumption by the reaction products was observed in the second catalyzed 
reaction, shown in curve 3 of Figure 6. Inasmuch as the analytical procedure 
used for determining £.NCO] does not serve to differentiate between Q-NCO] 
and boron trifluoride, the amount of boron trifluoride added to the reaction 
must be subtracted from the total amount of di-n-butylamine consumed to 
obtain the f-NCO] concentration. Proceeding in this manner resulted in 
negative values for £-NC0] in later stapes of the polymerization, indicating 
that the amount of free boron trifluoride still present was less than the 
amount originally added. 

(f) The relative viscosities of acetone 
solutions of the polymers prepared in the three catalyzed reactions were 
about the same. However, later experiments have shown that the relative 
viscosity is related to the number of equivalents of boron trifluoride used 
per equivalent of monomer. The polymer obtained from the reaction in which 
an equivalent quantity of catalyst was used was submitted far elementary 
analysis. Good agreement with theoretical values was obtained. If the 
baron trifluoride does form a complex with the polyurethane, it must be 
removed during the washing process. 
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(g)      Experimental (JRF-111) 

The 3,3-dinitro-l,5-pent;ane diisocyanate was 
analyzed far G-NCO]  as follows t    Approximately 1 gn of the crystalline diisocya- 
nate was weighed accurately into a glass-stoppered, 125-ml Erlenmeyer flask. 
Twenty-fire ml of a IN solution of di-n-butylamine in anhydrous dioxan was added. 
After standing 5 to 10 min at room temperature the mixture was transferred to a 
UOO-ml beaker; acetone was used to wash out the flask.    Twenty-five ml of water 
was added and the excess amine was back-titrated with 0.$N HC1 to a pH of 5«0. 
A blank determination was run simultaneously.    The observed values were 96.30 
and 96.3h% purity, assuming that all the L-NCO] was present as 3,3-dinitro-l,5- 
pentane diisocyanate. 

(h)      Commercially available 2-nitro-2-methyl-l,3- 
propanedlol was recrystalllzed from benzene.    The observed melting point was 
lii9°C.    Dioxan was refluxed 8 hr over sodium metal, decanted, then distilled 
from fresh sodium discarding a forerun.    Boron trifluoride etherate was prepared 
by saturating anhydrous ether with boron trifluoride, then distilling the 
product, discarding a forerun. 

(i)      A standard dioxan solution containing 1.3106 
eq./liter of each of the monomers was prepared.    Ten ml of boron trifluoride 
etherate was diluted to 100 si rith dioxan.    One ml of this solution contained 
0.758 meq. of catalyst.    The final mixtures were made as follow**: 

JRF-111-A JRF-111-B JRF-1LUC JRF-lll^D 

150 ml monomer 
sol'n. 

5 ml BF3 sol'n, 

U5 ml dioxan 

150 ml monomer 
sol'n. 

No BF3 sol'n. 

50 ml dioxan 

150 ml monomer 
sol'n. 

50 ml monomer 
sol'n. 

$0 ml BF3 sol'n.   8.6 ml BF30(C2H£)2 

i 

Equivalent tot 

0.9829 eq./liter 
monomers 

0.01895 eq./liter 
BF3 

0.9829 eq./liter 
monomei's 

0.9829 eq./liter 
monomers 

0.1895 eq./liter 
BF3 

1.118 eq./liter 

1.112 eq./liter BF3 

Total equivalents of f-NCO] vs time for these reactions are listed in Table VII. 
The analyses were made by removing 10-ml samples of the reaction mixture, adding 
excess normal di-n-butylamine solution, then back-titrating with 0.5N acid. 
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TABLE 711 

REACTION OF 2-NITRO-2-METHTL.l,i-PROPANEDIOL WITH 

3,3-DINITRO-l,$-PENTANE DIISOCXANATE IN DIOXAN 

*0.9829 eq./liter monomers;  0.01895 eq./liter BF3, 

0.9829 eq./liter monomers;   no BF3. 

0.9829 eq./liter monomers;   0.1895 eq./iiter 2F3. 

Elapsed 
Time 

hr 
JRF-111-A* 

Equivalents   E-NCO] 

O.I966 

JRF-lll-B* 
Equivalents   &NC0] 

0.1966 

JRF-LLUC 
Equivalents   C-NCQ] 

0.1966 0 

0.33 0.1787 — 0.0880 

1.00 0.161*2 0.1950 0.0730 

2.00 O.H482 — 0.0635 
3-.00 0.1397 — 0.0575 
19.0 0.0997 0.1950 0.02i; 
23.0 0.0957 — 0.0170 

26.0 0.09U2 — o.oiUo 
U3.0 0.0677 0.1920 0.0065 
50.0 0.0857 0.1918 o.ooUo 
96.0 0.0807 0.1875 -0.0010 
16U.0 0.0727 0.1810 -0.0035 
187.0 0.0692 — -0.00U0 
23U.O — — -0.00U5 
21*1.5 0.0630 Hr - 1. 

added 0.0039 eq. 
09) 

BF3 
— Precipitated polymer 

2U2.5 O.O6OO — Or - 1.31) 

258.5 0.0355 0.1720 

Uoo.o — 0.1590 

500.0 added 0.0075 eq. BF3 — 
668.0 Precipitated polymer — 
716.0 a - 1.25) 0.1365 
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(j)  JRF-11I-D 

The reaction mixture became warm immediately, 
and after the initial reaction was over, the temperature was maintained at 60°C 
for 1*8 hr.    The polymer was precipitated into water, washed, then vacuum steam- 
distilled and dried.    Ths relative viscosity of a solution in acetone containing 
2.00 gm/100 ml was \ - 1.28 at 2S°C. 

Anal, calc'd    for CnHi7N$0x0:    %C, 3U.S3; *H, U.$2; *N, 18.U7 

Pound:    %C, 3U.79; <H. U.68; 501, 18.hh 

(k)  The kinetic data observed in the uncatalyzed 
reactions are listed in Table VIII. The rate constants were evaluated from 
the slope of the plot ef DP vs timei 

(2)  A Study of the Effect of Boron Trifluoride Con- 
centration on Molecular Weight of Polyurethane 
I^A, from 3,3-Dinitro-l,5-pentane Diisocyanate 
and 2,2-Dinitro-l,3-propanediol 

(a) Previous studies have shown that the function 
of boron trifluoride in polyurethane formation is complex. To clarify this 
problem, in part, an experiment was undertaken to determine the effect, if any, 
of boron trifluoride concentration and of portion-wise addition of boron tri- 
fluoride on molecular weight. 

(b) As an approach to this problem, a dioxan 
solution of equivalent amounts of monomers was divided into five aliquots; to 
each was added*a different amount of boron trifluoride etherate. The poly- 
merizations were followed by measurements of the viscosities of the reaction 
solutions; and at the point where no further increase in viscosity was observed, 
eA.*h polymer WPS precipitated from solution, washed, and dried. As a qualitative 
measure of molecular weight, relative viscosities of the precipitated polymers 
w,-T3 determined under standard conditions. These data are posented in Table 
I»..    The effect of boron trifluoride concentration on relative viscosity is 
shown in Figure 7. 

(c) Conclusions 

These data show immediately the profound 
effect of boron trifluoride concentration on molecular weight, in a manner 
s.-imerhat suggestive of vinyl-type catalysis. Smaller .-nounta of boron tri- 
fluoride favor higher relative viscosities, and in the limiting case, the 
polymer obtained using no boron trifluoride was insoluble in acetone and 
dimethylformamide. Portion-wise addition of boron trifluoride is clearly shown 
to effect no increase in molecular weight. The rate of reaction, as shown by 
reaction times to constant viscosity, is seen to be an increasing function of 
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TABLE VIII 

UNCATALYZED POLYMERIZATIONS 2-NITRO-2-METHYL-l,3-PROPANED10L 

AND 3,3-DINITRO-l,5-PENTANE DIISOCYANATE IN DIOXAN SOLUTION 

Dioxan Solution at 30°C 

Original concentration:    0.9829 equivalent liter"1  £-NCq] 

0.9829 equivalent liter"1  [IOH] 

Tine 
hr 

h3 

96 

16U 

259 
Uoo 

716 

*30°C 

Observed 
Degree of Polymerization 

1.015 
l.oUo 

1.078 

1.133 

1.227 

1.U0 

" 6i l«l?h " 6.6 x icH* liter eq.-1 hr"1 
O.9029 

Dioxan Solution at 50°C 

Original concentrationt    2.37 equivalent liter"1   [^NCq] 

2.37 equivalent liter"1   [^OH] 

Tine 
hr 

22.0 

U3.C 

68.0 

Observed 
Degree of Polymerization 

1.110 

1.220 

1.365 

K50°C . ?'U6J7
10"3 - 2.3 x 10-3 liter ^.-1 hr-1 
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TABLE H 

RELATIVE VISCOSITIES AND REACTION TIMES OF 

POLTURETHANE I-A PREPARATIONS 

No. Equiv.* BF-j»Et20 

0 

Reaction Time to 
Const. Viscosity, hr 

300 

Relative 
Viscosity 

JKE-12* Insoluble 
(to a gel) 

JKB-2U l 11*0 1.51 
JKE-29 5 5c 1.U6 
JKE-28 5 •5 at hr h8° 5c 1.U5 
JKE-30 10 10 l.liO 
JKE-2$ 10 • 10 at hr U8b 10 1.1*0 
TVT» *\L. 50 5 1.23 
JKE-27 100 2 1.19 

T'olymer from different initial reaction mixture. 

Added after viscosity of reaction solution had reached a constant value. No 
increase in viscosity was observed after addition. V 

1.60 

8 
* 1.U0 

: 

1.20 

R.ittlv. vi.co.lt7 T.r.u. Boron 
Trlfluorld* gth.r«t« Conc.ntr.tlon 

S.J-dlnltro-l,1)- 
p.nt.n. dll.ocy.n.t.  and £,£-»lnitro- 

Itol 

Pol7vr.th.n.  I-Ai 
p.nt.n. illlin 
1, 3-pro?»r.o<i] 

 53  
Kqulv.   £ BPj-Et^C 

Figure 7 
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the boron trifluoride concentration. This is in agreement with results of the 
kinetic study of polyurethane I-J. To avoid the exceedingly long reaction 
times obtained when only catalytic amounts of boron trifluoride are present, a 
compromise must undoubtedly be made, sacrificing something in degree of 
polymerization for a more feasible rate* Rheological studies will probably 
best indicate the correct choice* 

(d)  Experimental 

The monomers were recrystallized and 
analyzed immediately prior to the experiment; the purity of both samples was 
98.8£j 2.U26 equivalents of the diol were combined with 2.U26 equivalents of 
the diisocyanate in dioxan, and the solution was diluted to 750 ml. Aliquots 
(150 ml) were then pipetted into five reaction vessels. Boron trifluoride 
etherate (normality • 7.58 aeq./ml) was pipetted into each vessel in an amount 
equivalent to 1. 5» 10, 50, and 100SC, respectively, of the monomer present* 
The reaction solutions were placed in a 60°C constant-temperature bath, and 
stirred intermittently. Immediately before the second addition of boron 
trifluoride etherate to runs JKE-25 and JKE-28, a small portion of each was 
removed as a control. When no further increase in viscosity of a sample was 
observed, the solution was removed from the bath, and filtered. The polymer 
was precipitated in water in a Waring Blendor, vacuum steam-distilled at 2$ 
to 30°C, and dried in vacuo. The relative viscosities of the dry polymers 
were determined in acetone at a concentration of 2.000 gm/lOO ml at 25°C* 

b.   Solution Polymerizations 

(1) Discussion 

The new polvurethanes prepared during this 
period are listed in Table I. These polymerizations were started before the 
influence of boron trifluoride concentration on molecular weight was known* 
Accordingly, relatively large amounts of boron trifluoride were used* 

(2) Preparation of Polyurethane XI^A, from 3,3,5,7,7- 
Pentanitro-l,9-nonane Diisocyanate and 2,2- 
Dinitro-1,3-propanediol 

(a)  JRF-112 

Equivalent amounts of the monomers (52*6 
go total weight) were dissolved in 77 gm anhydrous dioxan. Five ml of boron 
trifluoride etherate was added. This amount is equivalent to 0.U3 eq. BF3 per 
equivalent of C-NCQl , The mixture was placed ir; a special flask in which the 
viscosity ol the solution could be measured during the reaction. Viscosity of 
the solution vs time in hours is listed in Table H. The temperature was 
maintained at u0°G, 
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TABLE X 

SCHEDULE OF POLOffiRS STUDIED:    POLYURETHANES 

Polymar XI-A 

N02      N02        N02 NO2 

O-C-N-CH2-CH2-C-CH2-CH-CH2-C-CH2-CH2-N-C-0 «• HO-CH^C-CH^OH 
I 

N02 NO, 

3,3,5,7,7-Pentanitro-l,9-nonane 
Diisocyanate 

C11Hl3N7012 

OH N02      N02        N02 

N02 

2,2-Dinitro-1.3- 
propanediol 

C^6N206 

H Q 

U 
N02 

-^-li-CT2^H2-^-CH2^^Cli2-C-CUi2-C^2-^^^^2-9-CH2-0 

N02 N02 N02 

Theoretical 1^ - 203 lbf sec lbnr1 

After Nitration Igp - 231 lbf sec lbnr1 

n 

Polymer I-K 

NO, 

-C- O-C-N-CHj-CH^C-CHz-CII^-N-C-O • H0CH2CH2CH2-C-CH2-CH-CH2-C-CH2CH2CH20H 

L 

N02      N02       N02 

CH- 
I 
N02 N0? 

3,3-Dinitro-1,5-pentane 
Diisocyanate 

C7H8NUO6 

N02 

U,U,6,8,8-Pentanitro- 
1,11-undecanediol 

C11H19%°12 

OH N0? HO N02      NOo        NO? 
II  I I   2 I   II III 

-C-N-CH 2-CH2-C-CH2-CH g-N-C-O-CH 2CH 2CH 2-0-GH 2-6H-CH ^-C-CH^.H^CHe-d- 

NOo NOo NOo 
->n 

C1SH27N9°18 

Theoretical 1^ - 175 lbf sec lbnr1 

After Nitration Igp - 209 lbf sec lbm-1 
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TABLE X (cont.) 

SCHEDULE OF POLYMERS STUDIED:    POLYURETHANES 

Polymer I-L 

N02 

O-C-N-CH2CH2-C-CH2CH2-N-C-O • HOCH2CH2CB 

HO 

N02      N02      N02 

2-A-CH 2-C-CH 2-C-CH 2CH jCH 2CH 

NO,      NOo      NO, 

3,3-Dinltro-1,5-pentane 
Diisocyanate 

CTHQH^ 

-C-R-CH 

H 0 
II 

U,U,6#6,8,8-Hexanltro-l,ll. 
undecanediol 
cllHl8N60lli 

N02      N02      N02 H N02 

2CH2-C-^2ffl2-N-^^CT2CH2OT2-^-CT2-^H2-^CH2CH2Cli2-0- 

N02 N02      N02      N02 

Ci8H26Nl0020 

Theoretical Igp - 191 lbf sec lboT1 

After Nitration Igp - 219 lbf sec lbar1 

n 

• 

TABLE 7.1 

VISCOSITY OF POLYURETHANE XI-A - JRF-112 AT U0°C 

Time 
hr 

Viscosity 
eentipoise 

0 5 
16 10 
21 lb 
25 17 
Uo 2k 
\6 26 
U8 28 
6U 32 
72 36 
88 36 

Added 6.6 ml BF30(C2H5)2 
68 27 
96 27 

160 27 

Remarks 

0.57 eq. BFyeq.(NCO) 

Removed from bath 
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(b)      The polymer was precipitated into water, 
washed, vacuum steam-distilled, and dried.    A yield of li9.5 gm (9U# of 
theoretical) was obtained.    The product softened in the range 85 to 90°C and 
had an impact stability of 80 cm/2 kg as compared with RQX at 29 cra/2 kg.    The 
relative viscosity of a solution of 2.00 gm in 100 ml acetone was 1.11 at 25°C. 

Anal, calc'd    for C^JONOOIQ:    %C, 27.96; *H, 3.18; %H, 20.97 

Found:    %C,  27.9?; *H, 3.25; %H,  21.02 

Heat of «.rT!r>u.,'tion calculated:     28U7 cal/gm 

Found:     2887 cal/gm 

?Ic~t stability tests:      65.5°C - 10 min 

13U.5°C - 7 min;  exploded 
after 29 min 

(3)      Preparation of Polyurethane XI-AN:    Nitration 
of Polyurethane XI-A, 3,3,5»7,7-Pentanitro-l,9- 
nonane Diisocyanate and 2,2-Dinitro-l,3- 
propanediol 

(a)      JRF-115 

Fifty-three ml of 1005! nitric acid at 0°C 
was added to 5.355 gm of polyurethane XI-A   (JRF-112).    After standing 30 min 
at C°C, the clear solution was poured into 1 liter of ice water and the 
precipitated polymer was filtered, washed, and dried.    The nitrated product 
weighed 5.7u2 gm (93$ of theoretical).    It softened *i\ the range 55 to 60°C 
and had an impact stability of 26 cm/2 kg relative to RDX at 29 cm/2 kg.    The 
relative viscosity of a solution of 2.000 gm in 100 ml of acetone was 1.10. 

Anal, calc'd    for CmH17N11022:    %C,  2U.32; *H,  2.U8;  *N.  22.29 

Found:    %C,  2U.39; *H,  2.39;  *N,  22.02 

Heat of combustion calculated:  2li20 cal/gm 

Found:  2U2u cal/gm 

(u)  Preparation of Polyurethane I-K:  3,3-Pir.itro- 
1,5-p^ntane Diisocyanate and l»,b,6,8,8- 
Pentanitro-1,11-undecanediol 

(a)  JRF-113 

Equivalent amounts of the monomers (37.li 
gm total weight) were dissolved in U? gm of anhydrous dioxan. Three ml of 
boron trifluoride etherate was added. This amount is equivalent to 
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O.uO eq, EFj/eq.  of (~N0Q3. The mixture evolved heat and rapidly became more 
vijcoue. After the initial reaction was over the temperature was maintained 
at bO°C. Viscosity of the solution vs time in hours is listed in Table XII. 

TABLE m 

VISCOSITY OF POLTURETHANE I-* (JPJ-113) AT U0°C 

Time         Viscosity 
hr centlpoiae        Remarks  

0 10 
1 61 
2 270 
3 Too viscous to measure; added 100 ml dioxan 

18 22 
U2 22 Added U.6 ml BF30(C2Hc)2 - 

0.60 eq. BFVeq. (N«>) 
50 16 y 

136 16 Removed from bath 

(b) The polymer was precipitated into water, 
washed, vacuum steam-distilled, and dried. A yield of 36.5 gm (97$ of theo- 
retical) was obtained. The product softened in the range 35 to iX)°C and had 
an lapact stability >100 cn/2 kg, relative to RDX at 29 cm/2 kg. The 
relative viscosity of a solution of 2.00 gm in 100 ml of acetone was 1.U8 at 
25°C. 

Anal, calc'd for C^l^N^a. i #» 32.88; jtt. U.lU; *N, 19.18 

Found: <C. 33.06; ffl. U.U3; %»,  18.88 

Heat of combustion calculated: 3555 cal/gm 

Found: 3563 cal/gm 

Heat stability tests:  65.5o 10 min 

13^.5°C 11 min; exploded after 
22 min 

(5)  Preparation of PolyurethaneI-KN: Nitration 
of Polyurethane I-K, 3* 3-Dinitro-l,5-pentane 
Diisocyanate and U,u,6,8,8-Pentanitro-1,11* 
undecanediol 

(c)  JRF-116 

Fifty-* 
added to 5.251 gm of polyurethane I-K (JRF-113).    After standing 30 min at 0°C, 

Fifty-two ml of 100% nitric acid at 0°C was 
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the clear solution was poured into 1 liter of ice water and the precipitated 
polymer was filtered, washed, and dried.    The nitrated product weighed 5»78u 
go (97/t of theoretical).    The product softened in the range 30 to 35°C and 
had an impact stability of U0 cm/2 kg, relative to RDX at 29 cm/2 kg.    The 
relative viscosity of a solution of 2.000 gm in 100 ml of acetone was 1*37. 

Anal, calc'd   for C-^L^VL°22S    %C. 28.92; Jffl, 3.37; %H, 20.62 

Found:    1c, 29.37; *H, 3.U.; *N, 20.92 

Heat of combustion calculated: 3075 c&l/gm 

Found: 3015 cal/g^ 

(6)  Preparation of Polyurethane I-L: 3,3-Dinitro- 
1,5-pentane Diisocyanate and U,U,6,6,8,8- 
Hexanitro-1,11-undecanediol 

(a)  JRF-llli 

Equivalent amounts of the monomers (U5 
gm total weight) were dissolved in 66 gm of dioxan. Five ml of boron trifluoride 
etherate was added. This amount is equivalent to 0,59 eq. BFj/eq. of (NC0). The 
mixture evolved heat and rapidly became more viscous. After the initial 
reaction rras over the temperature was maintained at liC°C. Viscosity of the 
solution vs time in hcurs is listed in Table XIII. 

TABLE XIII 

VISCOSITY OF POLIURETHaNE I-L (JRF-llU) AT l|0°C 

Remarks 
Time 
hr 

Viscosity 
centipoise 

0 
1 
2 

17 

10 
50 

167 

2U — 

25 
89 
137 

— 

Efflux time 10.2 sec 
Efflux time U0.5 sec;  above calibration of 

viscosity pipette. 
Efflux time U0.5 sec;  added 3.5 ml BFjCKC^^ 

- O.iil eq. BFi/eq.(NC0) 
Efflux time 33.8 sec 
Efflux time 33.6 sec 
Efflux time 33.6 sec;  removed from bath 

(b)      The polymer was precipitated into water, 
washed, vacuum steam-distilled, and dried.    A yield of U3.0 gm (95.55K of 
thenretJcal) was obtained.    The product softened in the range 35 to liO°C and 
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had an impact stability of 100 cny^ kg, relative to REX at 2? cm/2 kg. The 
relative viscosity of a solution of 2.00 gm in 100 ml acetone was 1.36 at 25°C. 

Anal, calc'd for C^^IO^O* *C, 30.78; %H,  3.73; %H,  19.9u 

Found: %C.  33.06; %ti,  h.87; *N, 20.12 

Heat of combustion calculated:  3280 cal/gm 

Found:  3372 cal/gm 

The analytical values are poor but better values were obtained after nitration. 

Heat stability:  6$.5°C 8 sin 

13U.5°C 8 min; exploded 

(7) Preparation of Polyurethane I-LN: Nitration of 
Polyurethane I-L, 3,3-Dinitro-l,5-pentane 
Diisocyanate and U,li,6,6,8,8-Hexanitro-l, 11- 
undecanediol 

(a)  JRF-117 

Fifty-two ml of 10OJC nitric acid at 0°C was 
added to 5.170 gm of polyurethane I-L (JRF-llii). After standing 30 min at 0°C, 
the clear solution was poured into 1 liter of ice water and the precipitated 
polymer was filtered, washed, and dried. The nitrated product weighed 5.6U6 gm 
(97% of theorstical). It softened in the range 30 to 35°C and had an impact 
stability of 35 cm/2 kg, relative to RDX at 29 cm/2 kg. The relative viscosity 
of a solution of 2.000 gm in 100 ml of acetone was 1.28. 

Anal, calc'd    for C1QH2iiN1202ji:    %C,  27.28; %H,  3.05;  *N,  21.21 

Found:    %C,  27.85; *H, 3.12;  *N.  20.79 

Heat of combustion calculated: 2858 cal/gm 

Found:  2823 cal/gm 

(8) Preparation of Polyurethane I-H:  3,3-Dinitro-l,5- 
pentane Diisocyanate and 5»5,$-Trinitro-l,2- 
pentanediol 

(a)  Since no analytical method is available, 
equivalence of functional groups must be determined by a trial-and-error method. 
In order to determine whether diol which had not been previously purified via 
the isopropylidene derivative might be used for polymerizations, four small- 
scale polymerizations of this type have been carried out. In this set of 
experiments the assumed purity of the diol was varied from 9U to 100^, all other 
variables being held constant. The relative viscosities of the polymers so 
obtained variea from 1.09 to l.liu 
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(b) A portion of this.diol was purified through 
the isoprcj-ylidene derivative. Crystallization of this derivative was difficult 
to initiate, and the yield was very low. The derivative was subsequently 
hydrolyzed, the diol recovered, and another run (JKE-31) using the purified diol 
was made. The relative viscosity of this polymer was found to be 1.17. 

(c) Conclusions 

The isopropylidene purification of the diol 
has effected no appreciable increase in relative viscosity of polyurethane I-H. 
However, in view of the amount of boron trifluoride present (30 to uO equiv.£), 
and the results of the polyurethane I-A—boron trifluoride concentration 
experiment,? it may well be that the effect of equivalence on molecular weight 
has been masked by the effect of the high concentration of boron trifluoride. 
Further study is scheduled. 

(d) Experimental (JKE-lh, -18, -19, -20) 

The monomers (20 gm total weight) were 
combined in 2$ ml of dioxan at room temperature, and 1 ml of boron trifluoride 
etherate was added. A temperature of $0°C was maintained, and the viscosities 
of the reaction solutions were measured periodically. At constant viscosity, 
the reaction solutions were removed from the bath and filtered; the polymer was 
precipitated in water, vacuum steam-distilled at 20 to 2$°C, and dried in vacuo 
over phosphorus pentoxide. The relative viscosities were determined in acetone 
solution, at a concentration of 2.000 gm/100 ml at 25°C. 

(9)  Preparation of Polyurethane I-AN, from Nitration 
of Polyurethane I-A, 3,3-Dinitro-l,S-pentane 
Diisocyanate and 2,2-Dinitro-l,3-propanediol 

(a)  Purified anhydrous nitric acid was used tc 
nitrate the polymer JKE-12 which was insoluble in acetone and UUF.°    The 
polymer was only slightly soluble in the acid at 0°C, and only after the tempera- 
ture had been raised to and maintained *«, uC°u lor uO min did the polymer 
dissolve completely. 

I 

as follows: 
(b)  The data on the postnitrated polymer are 

Yield of Heat of Combustion 
Postnitrated   Rel.        cal/gm 

Polymer     Identification  Polymer, %     Viscosity   (Pred. - 2320) 

Polyurethane I^AN    JKE-23        9U.U      l.UU 2355 
Polyurethane I-AN    Control*       ?8.C      l.Uo 2307 

*Control was from polyurethane I-A (HOF-hl) nitrated with 100$ nitric acid for 
30 min at 0°C. Viscosity of the polymer before nitration was 1.69. 

_ ___ 

Section II, B, 2, a, (2), above. 
8Ibid. 
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(c) Conclusions 

In view of the heat of combustion, which 
agrees well with the predicted value, it appears that the polymer has been 
completely nitrated; further, the agreement of the predicted and experimental 
heats of combustion of the postnitrated polyurethane I-A is much better than 
the agreement between the heats of combustion (predicted and experimental) of 
the unnitrated (JKE-12), demonstrating again the effect of nitric acid in 
removing impurities in polymers. 

(d) In all previous post-polymerization 
nitrations, the nitric acid was purified by distillation from a sulfuric acid- 
nitric acid mixture at reduced pressure. The elimination of the purification 
step would be very desirable. However, commercially available anhydrous 
nitric acid contains small amounts of impurities that may affect adversely the 
nitration and the heat stability of the postnitrated poiyurethane. 

(e) To determine the utility of this com- 
mercially available nitric acid in postnitration, a sample of polyurethane I-A 
wa3 nitrated according to optimum conditions determined for this polymer, 30 
min at 0°C. 

ii 

' 

r 

Polymer 

Polyurethane I-AN 
Polyurethane I-AN 

Yield of 
Postnitrated       Rel. 

Identification     Polymer, %     Viscosity 

JKE-21 
Control* 

93.2 
98.0 

l.Uu 
1.U0 

Heat of Combustion 
cal/gm 

(Pred. - 2320) 

2270, 2276 
2307 

Control was nitrated with distilled 100$ nitric acid. 

(f)  Larger quantities were prepared for heat 
stability tests. The postnitrated polymers were washed repeatedly with dis- 
tilled water to remove the nitric acid, then tested using Picatinny Arsenal 
test procedure No. Ib01 (Kl-starch paper test at 65.5°C) and the method 
described in 0SRD 3U01, p. 8 (methyl violet paper at 13u.5°C). 

Thermal Stability 

Polymer Identification 

Nitrated with 
commercial acid 

Nitrated with 
purified acid 

KI-^:.arch 

6?,S°C 

5 min 

5> min 

Methyl Violet 
at 

Remarks 

Polyurethane I-AN 
JRF-121 

Polyurethane I-AN 
JRF- U0 

no failure 

no failure 

Slow decom- 
position 
after 13 min 
at l3ii.5°C 
Slow decom- 
position 
after 13 adn 
at 13U.5°C 
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(g)      An earlier preparation of polyurethane 
I-AN, described in the SPIA data sheet, failed after lii min at 65.5°C.    It was 
suspected that insufficient washing of the postnitrated polymer was the cause 
of this discrepancy.    Both JRF-120 and JRF-121 were washed with dilute sodium 
bicarbonate solution in the Waring Blender, filtered, water-washed, and dried. 

Polymer Identification 

Polyurethane I-AN Nitrated with 
(JRF-121-A)    commercial acid & 

washed with NaHC03 

Polyurethane I-AN Nitrated with 
(JRF-12CvA)   purified acid & 

washed with NaHC03 

(h) 

Thermal Stability 

Kl-Starch 
at 

6S.S°C 

3 min 

150 min 

>U8 hr 

>U8 hr 

Conclusions 

Remarks 

Both samples swelled 
after 20 hr at 6£.£°C 

One sample swelled 
after 20 hr at 65.5°C 

:' 

A thorough washing of the postnitrated 
polymer is essential. Commercial anhydrous nitric acid should be purified in 
order to obtain maximum heat stability of the postnitrated polymer. 

(i)  Experimental (JRF-120) 

Two hundred and fifty ml cf distilled 
anhydrous nitric acid was added to 25 gm of polyurethane I-A (JRF-38). After 
standing 30 min at 0°C, the clear solution was poured into 1500 ml of ice and 
water. The precipitated polymer was filtered, water-washed, and dried. Using 
Picatinny Arsenal test procedure No. 1U01, KI-3tarch paoer became colored after 
5 min at 65.5°C. Using the method described in 0SRD 3101, p. 8, methyl violet 
paper did not change color but the sample swelled and started to decompose 
after 13 min. 

(J)  JRF-121 

The procedure was identical with that 
described above. Baker and Adamson commercial anhydrous nitric acid was used. 
The heat stability test results were identical with those of JRF-120. 

(10) Attempted Preparation of Polyvinyl 3,3,3- 
Trinitropropyl Carbamate 

(a)  Discussion 

Attempts to prepare polyvinyl 3,3,3- 
trinitrcpropyl carbamate from polyvinyl alcohol and 3,3,3-trinitropropyl 
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isocyanate were described in the nrwious quarterly report. These attempts 
included the use of dioxan and dimethylsulfolane as solvents and boron 
trifluoride etherate as catalyst. In all cases starting material was re- 
covered. Another attempt was made to prepare the desired carbamate, this 
time using polyvinyl alcohol which was specially pretreated by swelling in 
water and acetone. A product was obtained which was insoluble in water, but 
elemental analysis showed that only a small portion of the hydroxyls had 
reacted to form carbamate linkages. This work will be discontinued. 

(b)  Experimental I• 

1 Polyvinyl alcohol (2.5 gm of lov- 
viscosity Elvanol 70-0$) was dissolved in 2$ ml of water by first preparing 
a slurry in a small amount of water, adding more water, and heating on a steam 
bath. The clear solution was added to 1$0 ml of acetone, with stirring. The 
swollen polyvinyl alcohol which precipitated was collected, pressed dry, and 
placed in a flask attached to a Dean-Stark water trap. Benzene was added and 
the mixture was heated until no more water was collected. The anhydrous 
polyvinyl alcohol was filtered and pressed dry of benzene. 

2 Swollen polyvinyl alcohol (0.3 gm) 
was covered with 2,0 gm of 3,3,3-trinitropropyl isocyanate and five drops of 
boron trifluoride etherate was added. The mixture was stirred and heated at 
50°C for 18 hr, after which 2.0 ml of dimethylsulfolane was added. After 
stirring far a total of 96 hr, the clear, viscous mixture which resulted was 
poured into water. The semi-solid mass which separated was collected by 
centrifuging, and was then triturated several times in methanol, water, and 
acetone. Elemental analysis of a dried sample showed 1.13^ nitrogen. 

3. 

a.   Attempted Esterification of Polyvinyl Alcohol - 
Discussion 

(1)  Further attempts were made to prepare polyvinyl 
U,'«,U-trinitrobutyrate by the direct esterification of polyvinyl alcohol. 
The action of li,U,U-trinitrobutyryl chloride on polyvinyl alcohol was studied 
and found to give a black amorphous solid which was insoluble in water, 
acetone, methylene chloride, and dioxan. Quantities of hydrogen chloride gas 
were evolved. It appears likely that the acid catalyzed the dehydration of the 
polyvinyl alcohol to the corresponding conjugated olefinic polymer, thus 
accounting for the black color. In order to avoid this undesirable side 
reaction, pyridinc was employed in a series of reactions, even though basic 
reagents are known to catalyze the decomposition of the trinitromethyl group. 
To avoid the effect of pyridine on the trinitromethyl group a mixture of 
acetic acid and pyridine was used, and it was hoped that the following 
reactions would take place. 
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(1)    -(.CH-CH^    • (NOgJjjCCH^^OCl    P^tic^ -(CH-CH2)-    • HC1 
CH acid OC-CH^^OK^ 

0 

0 

(2) HCI • (fj CH3C     ^y,f jcr • CHJCOCH 

CH       N 
B 

After three attempts, a substance was isolated which showed 3.572 nitrogen. 
However, observations during the progress of the reaction indicated some 
decomposition of the reactants (continuous gassing). 

(2) An attempt was made to react polyvinyl alcohol 
with u,U,u-trinitrobutyric anhydride and u,u,u-trinitrobutyric acid at 90°C, 
at which temperature the mixture farmed a melt. Boron trifluoride etherate 
was used as the catalyst. Polyvinyl alcohol was recovered unchanged. The 
same reaction at 6o°C, using swollen polyvinyl alcohol and zinc chloride as 
a catalyst, gave a product which contained 1.025? nitrogen. 

(3) The reaction between polyvinyl alcohol and 
U,U,U-trinitrobutyric anhydride was tried in mixed alicane sulfonic acid (ob- 
tained from the Standard Oil Co. of Indiana, equivalent weight 110). At 0°C, 
polyvinyl alcohol was recovered in a highly swollen state. The same reaction, 
when carried out at room temperature, gave a black product which was insoluble 
in acetone, methanol, and water. 

b.   Attempted Esterification of ^-Cellulose - Discussion 

(1) Attempts were continued to coupletely ester^fy 
•^-cellulose U,u,u-trinitrobutyrate (u.172 nitrogen) with U,u,u-trinitrobutyric 
anhydride and various catalysts. Since sulfuric acid appeared to be the best 
catalyst (8,li# nitrogen) an additional experiment was carried out in which 
the temperature was raised to 85°C, as compared with the temperature of 50 
to 6o°C used previously. The product (8.35$ nitrogen) obtained, however, was 
not much better than the substance obtained at the lower temperature. The 
reaction between partially esterified <x-ceilulose obtained from wood pulp 
(SW-UO-A, Brown Co.) and U,U,U-trinitrobutyric anhydride, using sulfuric acid 
as a catalyst, gave a product which contained o.lifr? nitrogen. 

(2) The use of boron trifluoride etherate as a 
solvent was also warranted, since previous work showed that increasing the 
amount of boron trifluoride etherate increased the percent of esterification. 
This was tried, but only a dark brown product was isolated. It was not in- 
vestigated further. 
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(3)  When mixed alkane sulfonic acid was used as a 
catalyst, a product which contained 6.07SC nitrogen was obtained. 

h,        Polyoxyethylenes 

a.   Attempted Polymerization of Glycidyl U,U,U-Trinitro- 
butyrate 

(1) Discussion 

(a) The literature? indicates that alkaline 
catalysts lead to polyoxyethylenes of higher molecular weight than do acidic 
catalysts. Lohraann also cites triethyl phosphine as an effective catalyst for 
higher-molecular-weight polyoxyethylenes. Four alkaline agents, triethyl 
amine, triamyl amine, benzyl trimethyl ammonium butoxide, and powdered soft 
glass, have been used as catalysts for the polymerization of glycidyl li,U,U- 
trinitrobutyrate. These have yielded products that are principally starting 
material, the relative viscosity of a 2%  solution in acetone being only 
slightly higher than the value of l.Oii for the monomer. The dark red-brown 
color of the reaction product from the three amines used indicated degradation 
of the trinitromethyl group. Neither triphenyl nor triethyl phosphine were 
effective catalysts. The latter compound was sufficiently alkaline to degrade 
the trinitromethyl group, as indicated by the dark red-brown color developed. 

(b) The acidic agents, an alkane sulfonic acid 
(equivalent weight, 110), boron trifluoride in carbon tetrachloride, and 
hydrogen chloride in carbon tetrachloride, were also ineffective as catalysts 
fnr the polymerization of glycidyl U,U,U-trinitrobutyrate. 

(2) Experimental 

The experimental work is summarized in Tables 
XIV and XV. 

a 
H. Lohmann, in H. Staudinger. Die hocheaolekularen Verbindungen (T. Springer, 
Berlin, 1932), p. 287j H. R. Fife and F. H. Roberts, British Patents No. 
58U367, 60160U, 6io$o$. 
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TABLE XIV 

POLYMERIZATIONS OF GLYCIDYL U.Ji.U-TRINITROBUTIRATE, 

CATALYZED BY ACIDIC AGENTS 

Uol% Catalyst 
Based on QTNB Temp,,    C 

bo to 50 

Time 
hr 

Rel. Vis.,  2% 
in Acetone 

1 of alkane 
sulfonic acid 

3 l.oUS 

Same batch Room temp. 13 days 1.QU5 

1 of hydrogen 
chloride 

77* 12 i.oU5 

1 of boron 
trifluaride 

Room temp* 
77* i} l.ou 

1 of boron 
trifluoride 

77* lfl l.oU 

Run No. 

WB-lAc 

WB-2Ac 

WB-16B 

WB-17B 

Reflux in carbon tetrachlorlde. 

TABLE IV 

POLYMERIZATIONS OF GLYCIDYL U,U,U-TRINITROBuTYRATE. 

CATALYZED BY ALKALINE AGENTS 

Run 
No. 

Mol* Catalyst 
Based on GTNB 

1 of triphenyl 
phosphine 

Temp. 
°C 

Time 
hr Appearance 

non-viscous, 
pale-yellow oil 

Rel. Vis., 2% 
in Acetone 

WB-1P Uo to 50 3 1.03 

WB-2P 1 of triethyl 
phosphine 

Uo to U5 2U mod. viscous, 
light-brown oil 

1.0U5 

WB-3P 5 of triethyl 
phosphine 

Uo to U5 18 mod. viscous, 
red-brown oil 

1.0U5 

WB-1A1 1 of triethyl 
amine 

Uo to 5o 3 red-brown oil 1.0U 

WB-2A1 1 of triamyl 
amine 

Uo to 5o 
Room temp. 

71 90/ 
red-brown oil 1.0U5 

WB-3A1 1 of benzyl tri- 
methyl ammonium 
butoxide 

UO to Ul 
Room temp. 

2-i/il 
90 J 

red-brown oil 1.0U5 

WB-UA1 5% by weight of 
soft glass  (270 
to 325 mesh) 

Uo to U5 
Room temp. 

3    1 
13 days) 

pale-yellow oil 1.0U5 
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III,    TECHNICAL PROGRESS*    PHYSICAL STUDIES 

A.        SOLUBILITY PARAMETERS OF 2,2-DINITR0-l,3-PR0PANEDI0L 

The solubilities of 2,2-dinitro-l,3-propanediol were determined 
in acetone, in methanol, and in ethanol, and from these values the entropy of 
fusion at the melting point, AS£, and the solubility parameter, d^, of the 
2,2-dinitro-l,3-propanediol were calculated.^   The results are presented in 
the table below.    It will be noted that the entropy of fusion for this com- 
pound is unusually low. 

Solubility Volume Fraction < 4 
Solvent     gm/100 ml Solute, 02 cm.gm-mol~*    (cal«cmT^)l/2 

Acetone 180 0.51*2          , .,         .. - 
Methanol 2l*6 0.615          3,J*          10-9 

Acetone 180 0.51*2 
Ethanol 176 0.53U                         3,3°                         10,9 

Methanol 2U6 0.615 
Ethanol 176 0.53U 

Mean 

B.   SPECIFIC-IMPULSE CALCULATIONS 

1. During the past quarter the specific-impulse table presented 
in Aerojet Report No. 5u0, Appendix A, has been revised and greatly enlarged* 
These data are presented in Table XVT. The diols react with diacid chlorides, 
dllsocyanates and formaldehyde to form polyesters, pclyurethanes, and acetals, 
respectively. The diamines react with diacid chlorides and diisocyanates to 
form polyamides and polyureas, respectively. In certain special cases diols 
in which the hydroxyl groups are alpha to a gem dinitroraethyl group may con- 
dense with diamines to produce polyamines. Values prefixed by the notation PN 
were calculated assuming that all hydrogen atoms bound to nitrogen in the 
polymer have been replaced with nitro groups, by means of a postnitration 
process. The prefix -j- denotes calculations based on the assumption that cne- 
half of these labile hydrogens have been replaced by nitro groups; experience 
has shown that this "half-nitration" takes place stoichiometrically with the 
polyureas »H 

2. In addition to the above-mentioned table, calculations of 
specific Impulse have been made for seven nitro monomers which are currently 
under consideration. These values are listed in Table XVII. 

10Using the method described in Aerojet Report No. 538, pp. 15-19. 

^Aerojet Report No. 5U0, pp. 13-11*. 
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IV.      TECHNICAL PROGRESS:    RHEOLOGY OF NITRO POLYMERS 

A. INTRODUCTION 

1. The following material is an excerpt from work conducted 
under Contract NOa(s) 52-359. 

2. The rheological properties of various experimental nitro 
polymers synthesized at Aerojet are to be determined for use in (a) the 
selection of materials for further investigation, (b) the selection of suitable 
propellant-grain manufacturing processes, and (c) the characterization of the 
mechanical properties of nitro polymers at the various temperatures to which 
propeJLlant grains are exposed in application. The rheological data are to be 
fitted by a suitable equation of state. 

B. FABRICATION OF SPECIMENS 

1. Attempts to extrude the polyurethane, I-A, of 3,3-dinitro-l,5- 
pentanediisocyanate and 2,2-dinitro-l,3-propanediol through a 3/32-in. die have 
been unsuccessful.    The maximum pressure, 19,000 psi, of the extrusion press 
did not cause extrusion below 200°F, but at 220°F a greatly enlarged strand of 
porous material with a specific gravity of only 0.6U was produced.    The 
specific gravity of a pellet molded with the Carver press was 1.57.   Apparently 
the polymer decomposed to some extent at the high extrusion temperature.    A 
3/l6-in. die will be made to permit extrusion at lower temperatures. 

2. Sheets of nitro polymers listed in Table XVIII were pressed 
on the Carver platen press, but the sheets were brittle and could not be cut to 
size.    Strip specimens of polyurethane I-A were pressed under the Carver press 

TABLE XVIII 

COMPRESSION MOLDING OF SHEET SPECIMENS OF NITRO POLYMERS 

Identification 

Composition 

I-A II-A III-A 

Molding Temp., °F 

Molding Press., psi 

Results 

Polyurethane of 3,3-   Polyester of U,U- Polyurea of 3,3- 
dinitro-l,5-pentane-   dinitro-l,7-hep- dinitro-l,5-pentane- 
diisocyanate and 2,2-  tanedioyl chloridediisocyanate and 
dinitro-l,3-propanediol and 2,2-dinitro- 3,3-dinitro~l,5- 

1,3-propanediol  pentanediamine 

160 to 180 

1800 

Brittle, could not be 
cut on a hot plate at 
160°F 

Various 

Various 

Crazed upon 
cooling 

220 to 2U0 

LbOO 

Brittle, could not 
be cut 
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inside a 1/2-in. x 1-7/8-in. x 0.020-in. confining shim. These were used in       I 
subsequent creep tests. However, a molding die for pressing strip specimens 
to final dimensions without cutting has been designed, and will be con- ( 
structed to permit preparation of specimens with more closely controlled 
dimensions. 

C.   CREEP MEASUREMENTS ! 
I« 

I 
i 

under an initial stress of 275 psi for a period of 100 sec, which corresponds 
to a logarithmic strain of U2.6i.    The final stress was estimated to be 0.9       | 
of the initial stress. The test was interrupted by a mechanical interference 
within the rheometer. A log-log plot of compliance, which is the reciprocal 
of the apparent modulus, vs time is shown in Figure 8. After the lest, the 
specimen was observed to be markedly nonuniform in cross-sectional area. 

2. Creep tests on polyurea III-A have been run at temperatures 
from 138 to 176°F and at stresses from h20 to 1610 psi for periods as long 
as 19 hr. From these data plots of log compliance vs log time were made; 
these plots are shown in Figure 9. The overlapping cf curves for different 
temperatures indicates the need for additional studies of the reproducibility 
of the measurements at a single temperature. 

3. An investigation of the error in compliance resulting from 
errors in the determination of elongation was made. The following values 
were calculated for errors of 1 and 3 mm in the determination of elongation, 
assuming an initial length of 25.U mm. 

e  .   _  .. Compliance Error. % Specimen Length r '— 
 nun  1 mm 3 nm 

26 I9h 583 

28 37.5        113 

JO 20.00 60 

Hence, if the specimen slips or if there is slack or unnecessary stretching, 
the compliance may be greatly in error. Because of the magnitude of this 
effect, the specimen clamp holders have been fixed rigidly to their supports 
by means of screws, in ar. effort to obtain reproducible data. Although trie 
initial length of the specimen will not be known accurately, it will always 
be the same for each run. 
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D.   EbfeBLE FORMATION IN PCLTUREA III-A AT ELEVATED TEMPERATURES 

At elevated temperatures during creer te'-ts the occurrence of 
small bubbles in polyurea III-A has been observed. It war necessary tc deter- 
mine whether these bubbles were the result of decomposition or moisture in 
the polymer. A sample pressed on the Carver press was placed in an evacuated 
tube connected to a manometer. The whole system was then heated to ''3.6°C, 
and the pressure was recorded periodically. After 900 min the pressure of 
the evolved gases leveled off. '.Then the temperature was raised to 33.C°3, 
the pressure increased and then leveled off again. Use of the ultimate 
pressure obtained and of the perfect-gas-law expression yielded an average 
molecular weight of 19. In addition, at room temcerature the pres-ore of 
the gaseous products corresponded to the vapor pressure of water at that 
temperature. Because the pressure did not increase continuously, as rai-jht 
be expected in decomposition, the evidence suggests that water is sorbed in 
the polymer. 

V.   TECHNICAL PROGRESS:  BALLISTIC STUDIES 

A. INTRODUCTION 

1, The following discussion is an excerpt from work conducted 
under Contract NOa(s) $2-359. 

2. The present report introduces a new phase in the nitro 
polymer program.    The purpose of this phase will be to determine the various 
ballistic properties of formulated nitro polymers so as to evaluate their 
utility as potential solid propellants.    Soiae initial studies on the 
Crawford-bomb burning rate of polyurethane I-A arts described in this report. 

B. CRA'.TF0RD BOVB BURNING RATES OF POLYURETHANE I-A 

1.        Small samples, which were cut from a molded disk of 
polyurethane I-A  (from 3,3-dinitro-l,5-pentane diisocyanate and 2,2-dinitro- 
1,3-propanediol) were burned at 60°F in a Crawford bomb.    The burning rates 
obtained were: 

Burning Rate at 60°F 
Pressure                               (0.$-in. interval) 

psla in. sec-1  

515 0.0315 

1015 O.lhk 

2015 0.215 

The results are plotted in Figure 10. 
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Figure 10 

2.   The pressure exponent n, in the burning rate equation 

r - cpn 

where r is the linear burning rate in in. sec~l, p is the pressure in psia, and 
n and c are constants, is approximately 0.7 over the pressure range from 515 to 
2015 psia.    The burning rate of this propellant at a given pressure is therefore 
about half that of the Aeroplex propellant AN-525J. 

3.        The autoignition temperature of the propellant was UU5°F. as 
compared with U90 to 510°F for an Aeroplex AN-<25 propellant.    The autoignition 
temperature is the temperature at which a small sample inserted in a copper 
block will ignite when the block is heated at a fixed rate of 17 to 20°F miir1. 
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VI.      TECHNICAL PROGRESS:    ORGANIC SYNTHESIS 

A.        PREPARATION OF NITRO OLEFINS 
i 

1. Introduction I 

Polymerizable nitro olefins continue to be of great interest 
far the preparation of propellant materials.    Those of particular interest 
are the acrylates and methacrylates of polynitro alcohols.    The present ] 
report deals with the establishment of improved procedures far the preparation 
of 2,2-dinitrobutyl and 2,2-dinitropropyl aery late.    In addition, a description 
of work leading to the preparation of substituted acrylic acids containing 
nitro groups is presented.    Dehydration studies on 5,5.5-trinitro-2-pentanol, 
in order to prepare a trinitropentene, are also described. 

2. The Preparation of Esters of Po.lynitro Alcohols 

a.        Discussion 

(1)      Plaut and Ritter^-^ reported tho reaction of 
secondary and tertiary alcohols with unsaturated nitricet such as acrylo- 
nitrile, to yield unsaturated amides.    The following e.joation indicates how 
this reaction could be used to prepare nitroacrylamides: 

1' I 
CH2-CH-CN • CH3-C-CH2OH  » CiI2"CH-C-KH-CH2-c-CH3 

N02 0 NOo 
I II I   Z 

-C-CH20H  » Ci^-CH-C-NH-CH^C-CH 

N02 N02 

Using the procedure reported, a mixture of 2,2-dinitrc-l-propanol and 
acrylonitrile in sulfuric acid yielded no water-insoluble material.    'When a 
solution of 2,2-dinitro-l-propanol and acrylonitrile in acetic acid was 
treated with sulfuric acid and poured onto ice, an oil was obtained which was 
identified as 2,2-dinitro-l-propyl acetate instead of the expected amide. 

(2)      In order to make use of this reaction for the 
preparation of acrylates, a solution of 2,2-dinitro-l-propanol in an excess 
of acrylic acid was treated with sulfuric acid.    The reaction, which proceeded 
according to the equation 

NOo NOo 
I   ' HoSOl. I 

CHjC-CH^ • CH2-CH-C0OH -=—i> CH3C-CH2-O-CO-CH-CH2 

N02 N02 

12J. Am. Chem. Soc, 73, U076 (1951). 
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gave a $6* yield of crude ester which on distillation yielded an oil with the 
proper refractive index. 

(3)  2,2-Dinitro-l-butanol in excess acrylic acid was 
treated with sulfuric acid at room temperature in a manner similar to that used 
in the preparation of the corresponding propyl derivative. This gave the 
crude aery late in a yield of 3W. 

(U)  In view of the small yields, this method of ', 
preparation of the dinitroacrylates does not seem to possess an advantage over 
the old method. This is especially true since this new method probably does 
not obviate the problem of purification of the aerylate ester itself. || 

b.   Experimental 

(1) 2,2-Dinitropropyl acrylate: An Brlenmeyer flask 
was charged with 15-ml acrylic acid (containing 0.14 trinitrobenzene) and 6 gm 
(0.0b mol) of 2,2-dinitro-l-propanol. The addition of 7 gm sulfuric acid to 
this solution caused darkening and some heat evolution. After standing over- 
night the mixture was poured onto ice and water. The heavy oil was taken up • 
with 25 ml methylene chloride. The methylene chloride solution was washed 
twice with water, dried for a short time over anhydrous sodium sulfate, and 
evaporated to dryness. The residue was U.5 gm (56%)  of an oil. Some of this 
material was distilled from a bulb tube at 0.5u- pressure and in an air bath at 

70 to 80°C. A faintly yellow distillate resulted (njp • 1.U590). The reported 

value for 2,2-dinitro-l-propyl acrylate is n_. • 1.U600. 

(2) 2,2-Dinitrobutyl acrylate: A flask was charged 
with 6.U gm (0.0U mol) of 2,2-dinitro-l-butanol and 10 ml (0.15 mol) of acrylic 
acid (containing 0.12 trinitrobenzene). To this solution was added 5 ml 
sulfuric acid. This caused darkening and heat evolution. A small sample added 
to water produced only a trace of oil. After standing at room temperature for 
two days, the mixture was poured onto ice and water. This gave a heavy brown 
oil. The mixture WAS extracted first -vith $0 ml, then with 25 ml cyclohexane. 
Not all the brown oil dissolved. The cyclohexane solution was washed well 
with water and after addition of a small quantity of trinitrobenzene, dried 
over sodium sulfate. On evaporation, there was left 3 gm (3U4) of an oil, 

nip • 1.U585. The reported value for 2,2-dinitro-l^butyl acrylate is 

n£5 - 1.U575-83. 

3.   The Purification of Dinitrobutyl Acrylate 

a.   Discussion 

(1)  Dinitrobutyl acrylate has been found to be an 
important basic fuel for solid propellants in the nitro polymer and Aeroplex 
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programs. In addition, dinitrobutyl aerylate is used in its polymeric form 
for the coating of RDX. The compound vras originally prepared according to 
the following equations: 

NO^Na 

CH3CH2CH2NO2 • CH20 • NaCH -• > CH^^C^OH • H2O 

N02Na N02 11 r 
CH3CH2C-CH2CH • NaN02 • 2AgN03 > CH3CH2C-CH2CH 

N02 

NO, NO? 
• H* 1 

CH3CH2C-Gi2OH * CH2-CH-C0OH ) CHjCH^O^O-COCH-Cn^ 

N02 N02 

This synthesis seems, at first sight, to be straightforward.  However, 
although the physical constants and analysis corresponded with the predicted, 
several batches of this compound exhibited different physical properties on 
polymerization. 

(2)  The following factors must be considered if 
dinitrobutyl aerylate is to be purified, since the purification cannot 
be accomplished by distillation or by crystallisation. The chemistry of the 
preparation of 2,2-dinitrobutanol is more involved than can be expressed by 
the simple equation above. The conversion of 1-nitropropane to sodium 
2-nitrobutanol using formaldehyde and sodium hydroxide actually does not il 
proceed according to the over-all equation listed above, but according to the 
following two equations: 

NO, 
OH"       I 

CH3CH2
CH2N02 4 2CH2°     > CH^HgC-CHpOH 

CH20H 

N02 NOONa 

CH3CH2C-CH20H • NaOH > CH^HjC-CHpOH • CH20 

;/ 
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The first reaction is very rapid.    The second reaction,  in which the formation 
of the ad*odium salt liberates formaldehyde, is slow.    The liberated formalde- 
hyde is in turn consumed again in the first reaction with the remaining nitro- 
propane;  thus the process starts again, and this cycle continues until all the 
nitropropane is consumed.    However, in these reactions some of the side 
products, i.e., unreacted 1-nitropropane in form of its sodium salt and 2-ethyl- 
2-nitro-l,3-propanediol, will always be carried down in the main product.    The 
whole system is water-soluble and may consequently be used for the oxidative 
nitration. 

(3)      Because most of the solution used is sodium 
mononitrobutanol it is safe to say that the main product after the oxidative 
nitration will be 2,2-dinitrobutanol.    The side products of the first step 
in the reaction must also be considered in the oxidative nitration.    The 2- 
ethyl-2-nitro-l,3-propanediol does not take part in the oxidative nitration, 
but the sodium salt of i-niircpropane will be converted into the 1,1-dinitro- 
propane.    In addition, because of the pfl change during the oxidative nitration 
some of the sodium salt of 2-nitrobutanol will be reconverted to 2-nltrobutanol. 

(U)      In the esterification all the alcohols present 
are converted into the acrylates in a straightforward reaction and only minor 
impurities can be expected as side products during the time-consuming esterifica- 
tion at reflux temperature.    Therefore, in the final reaction mixture, it is 
necessary to consider the presence of the following products: 

Main product:    2,2-dinitrobutyl aerylate 

Side products:    2-nitrobutyl acrylate 

2-ethyl-2-nitro-1,3-propanediol 
dia crylate 

1,1-dinitropropane 

1,1-Dinitropropane is separated during the worlcup procedure.    However, the other 
esters will give a mixture which is not readily purified.    These impurities 
function as crosslinking agents and are responsible for the peculiar behavior 
of the 2,2-dinitrobutyl acrylate in the polymerization.    Instead of soluble 
rubber-like products, acetone-insoluble croaslinked polymers were obtained. 

(5)      In conclusion, the process requires a method 
of preparing 2,2-dinitrobutanol in pure form before the esterification.    Lcw- 
temperature crystallization has been tried and was found unsatisfactory because 
of the lack of suitable solvents.   Another method would involve a change of 
the present preparation,  in that 1-nitropropane would be converted according 
to the method of Shechter and Kaplan into 1,1-dinitropropane, which can easily 
be puvified by distillation.    Finally, the Henry reaction would lead to the 
desired 2,2-dinitrobutanol, free of side products, according to the following 
equation: 
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N02 N02 N02 

CH3CH2CH2 > CH3CH2CH  ^ CH3CH2CCH2CH 

N02 N02 

(6) The final step in the preparation is the 
esterification of 2,2-dinitrobutanol and acrylic acid. This is a slow reaction 
and is completed after a long reflux time in benzene by separating the water |I 
azcolropically. Small amounts of N02 fumes were evolved, indicating some 
decomposition. Although only very minor impurities are expected in this 
reaction, these must be separated in order to prepare pure dinitrobutyl 
aerylate. These impurities occur even when pure 2,2-dinitrobutanol is used 
initially. They are greenish-yellow in color and are distilled with the 
first 25? of product. These fractions do not differ greatly in refractive 
index from a polymerizable, analytical sample of 2,2-dinitrobutyl aerylate, 
but they do not polymerize at all. However, the heat of combustion indicates 
impurities of lower carbon content. Apparently these impurities prevent the 
polymerization. The remaining 7$%  of the product does polymerize and gives 
rubbery, acetone-soluble polymers. 

(7) Some impurities were eliminated by washing the 
benzene solution of the ester with Si  aqueous sodium carbonate, 0.1N sodium 
hydroxide, and 10$ aqueous sodium bisulfite. Although a large quantity of 
colored material was removed, those fractions which did not polymerize 
previously continued to resist polymerization after these additional washings. 
The heat of combustion of cuts I, III, and 7 gave the following values before 
and after washing with sodium carbonate and sodium bisulfite. 

Before Washing      After Washing      Theory 
Cut cal/gm cal/gm cal/gn 

I        3969 U0U7 U100 

III 399U U(53 U100 

V U029 U030 Uioo 

The improvement is apparent but still not quite satisfactory.    Work on this 
purification will be continued. 

b.        Experimental 

(1)      1,1-Dinitropropane 

A three-necked flask provided with a stirrer, 
dropping funnel, and thermometer was charged with 220 (5.5 mols)  of sodium 
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hydroxide and 600 ml of water. At a temperature below 20°C, UL5 gm (5.C mols) 
of 1-nitropropane was introduced dropwise and stirred for 1 hr. The solution of 
380 gra (5.5 mols) of technical sodium nitrite was then added and stirred for an 
additional 15 ran. In the meantime 1100 gm of silver metal was dissolved in 
1000 ml of 70JJ nitric acid, diluted with 2000 ml of water, and neutralized with 
5>0£ sodium hydroxide solution to a pH of lu2. The solution of the acisodium 
salt of the 1-nitropropane—sodium nitrite complex was poured into the silver 
nitrate solution at 0°C. The white precipitate turned black and finally 
greenish gray. After stirring for U5 min, uOO gm of 50% sodium hydroxide 
solution was added dropwise, keeping the temperature at 10 to 15°C. After the 
addition was completed the pH was 11.8. The silver precipitate was then 
collected on a filter and washed twice with 500-ml portions of water. The 
clear yellow filtrate was acidified with a mixture of 250 ml cone, sulfuric 
acid and 1000 ml water at a temperature below 20°C. The pH was 2 after all 
the sulfuric acid had been added. The oily 1,1-dinitropropane was separated in 

a aeparatory funnel to yield U87 gm of material, nj? - 1.U350. Purification 

by distillation gave u59 gm of colorless product, nf^ • 1.U323. 

(2) 2,2-Dinitrobutanol 

A three-necked flask provided with a stirrer, 
thermometer, and dropping funnel was charged with 131 gm (1 mol) of 1,1- 
dinitropropane and 536 ml water.   A solution of hit gm (1.1 mols) of sodium 
hydroxide and 90 r\ water was added dropwise at 25°C within 15 min.   After 
additional stirring for 5 oin, 86 gm (1.05 mols) of 37% aqueous formaldehyde 
solution was added and stirred for 1 hr.   A solution of U° gm cone, sulfuric 
acid in h$0 ml water was then added dropwise over a period of 2 hr at 20 to 
25°C.    After additional stirring for 1 hr, the mixture was extracted twice with 
l50-ml portions of methylene chloride.    The methylene chloride solutions were 
dried over sodium sulfate and concentrated in vacuum.    The residue gave 133 gm 
of 2,2-dinitrobutanol, mp -3 to -5°C, n25 - 1.2*581. 

(3) 2,2-Dinitrobutyl Aery late 

(a)      A 12-liter flas>k provided with a Dean-Stark 
water trap was charged with 1230 gm (7.5 mols) of crystallized 2,2-dinitrobutanol, 
6U9 gm (9 mols) acrylic acid and 6000 ml benzene.    Fifty gm of copper turnings 
was added as a polymerization inhibitor.    The refluxing mixture was charged at 
12-hr intervals with a total of 31 ml cone, sulfuric acid and in a period of 
186 hr a total of 138 ml water  (7.1 mols) was collected by azeotropic distil- 
lation*    The mixture was then washed three times with 1000-rel portions of 10!? 
sodium bicarbonate, and twice with 1000 ml water.    After drying over sodium 
sulfate the remaining oil was distilled: 
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Cut                 Color 
Vacuum 
microns 

55 

Head Temp. 
°C 

Pot Temp. 
°C 

Yield 
gm 

5b 

•<? 
I                     green 8U to 86.5 93 1.1668 

II                    yellow 55 86.5 to 87.5 93 to 95 221 1.1678 

III                 yellow 50 87.5 to 86 95 to 97 318 1.U583 
IV          slightly colored 20 7U.5 to 75 93 to 95 298 1.U581 

V                 colorless IB 75 to 76 105 to 11C »V\0 4W 1.U581 
VI               colorless 18 7U to 75 110 22 1.U582 

Cuts I and II did not polymerize in bulk after U8 hr at U5°C using 1% MA.KPj 
cuts III to VI gave rubbery, acetone-soluble polymers. 

(b)  Bach of these cuts was dissolved in 1000 
ml benzene and extracted four times with 5% aqueous sodium carbonate, twice 
with 0.1N sodium hydroxide, and once with aqueous sodium bisulfite solution. 
Each fraction was distilled after the benzene was removed. 

IV, and V gave rubbery, acetone-soluble polymer, using It  MAKP at u5°C for 
U8 hr. The alkali-soluble fractions were acidified and extracted with 
methylene chloride. The yields were as follows: 

Cut Color 
Vacuum Head Temp. 

°C 
Pot Temp. 

°C 
field 

3U 1.U578 I colorless 1.5 91 to 9U 95 to 96 

II slightly yellow 2 95 101 to 102 169 1.U583 

III slightly yellow 1 92 to 93 95 to 96 266 1.U582 

IV slightly yallow 1.5 92.5 to 9U 98 to 96 212 1.U582 

V 4 VI colorless 

•mis    +«.    n«l.I^.4« 

1.5 93 98 to 100 179 l.u58U 

9   TTT 

Cut Yield 

I U.l gm n£* - 1.U362 

II 18.7 gm n£* - 1.U399 

III 12.2 gm nj* - 1.U370 

IV & V less than 1 gm 

Distillation of the combined extracts gave lh.2 gm of l,}-dinitropropane, 

n£' • 1.U325, bp ul to U3°C at 2 mm. The residue appeared to be 2,2-dinitro- 

butanol (lu.5 gm, n** - 1.U562). 
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U.   The Preparation of <*-(2,2-Dinitropropyl) Acrylic Acid 

a.   Discussion 

(1) The conversion of *-(2,2-dinitropropyl) acrolein 
into the methyl o*-(2,2-dinitropropyl) aerylate was discussed in an earlier • 
report j*-'The method reported is applicable to all alcohols which withstand 
treatment with base. However, for the preparation of alkali-sensitive esters, 
such as those containing the trinitroethyl group, another method must be 
developed. One possible method might be the esterification of the free 
•<-(2,2-dinitropropyl) acrylic acid with the desired alcohol. 

(2) The preparation ofc*-(2,2-dinitropropyl) 
acrylic acid was conducted according to the following equation: 

N02 CH2 N02 CH2C1        N02  CH^l 

CH^-CH^   
x > cnyc-cu&ii     —*-» CH^CHT-CH 

N02 CHO N02 CHO N02  COOH 

N02 CH2 
W>CH> CHji-CH^ 

NOo COOH 
I 

1 

The first and second steps have been described previously.^ On treatment of 
the P-chloro-*-(2f2-dinitropropyl) acrylic acid with 2 mols of sodium 
hydroxide in aqueous solution the double bond was introduced by the removal 
of hydrogen chloride. This reaction is apparently accompanied by a competing 
tide-reaction, because on acidification of the reaction solution,N02 is evolved. 
This indicates that some degradation occurs as a result of the treatment. 
The new acid was obtained in fair yield and has a melting point of ll6°C. 

(3)  Other reactions of the o«-(2,2-dinitropropyl) 
acrolein have been attempted without success.   The conversion of©<-substituted 

^Aerojet Report No. 563 (31 December 195D, pp. 56-60. 

%, id. 
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acroleins into the corresponding nitriles by treating the oximes of the 
aldehyde with acetic anhydride has been reported. ' The method failed 
in the attempt to prepare the oxime of o<-(2,2-dinitropropyl) acrolein. 
The classical method of converting aldehydes into acid is the treatment 
of aldehydes with wet silver oxide. In the case of<*-(2,2-dinitropropyl) 
acrolein only a minor amount was transformed into acidic material. 

b.   Experimental 

In an Erlenmeyer flask 2 gm of /J-chloro- <>*-(2,2- 
dinitropropyl) acrylic acid was dissolved in a solution of 0.9 gm sodium 
hydroxide and 2$ ml water. A small temperature rise was noticed. After U hr 
at room temperature the brown solution was acidified with 5 ml of 30# sulfuric 
acid. Red fumes of KOj were evolved and an oil was formed, which crystallized 
upon scratching. The crystals were collected and dried to yield O.U gm. The 
acid was dissolved in carbon tetrachloride and the solution was concentrated. 
On addition of hexane the crystals farmed were collected and recrystallized 
several times from n-hexane. The melting point was 111* to ll6°C. 

Anal, calc'd for C6HgN206: %C.  35.30; %H,  3.95; *N. 13.73 

Found: %C,  35.67; *H, U.13; *N. 13.92 

5.   The Preparation of Methyl oc-(2,2-Dinitropropyl) Aery late 

»»   Discussion 

(1) The preparation of methyl <x-(2,2-dinitropropyl) 
aerylate has been described previously,!" In the preparation of a greater 
amount of this compound it was observed that instead of reformation of the 
double bond by treatment of the ester of 3-chloro-2-(2'^'-dinitropropyl) j 
propionic acid nith sodium methoxide, a methoxyl group was substituted for 
the chlorine. The new compound is the methyl 3-methoxy-2-(2, ,2'-dinitropropyl)       I) 
propionate. 

(2) In order to avoid introduction of the methoxyl 
group the dehydrohalogenation was carried out using pyridine in methanol 
solution. The methyl •<-(2,2-dinitropropyl) acrylate was obtained in the same 
yield without side products. 

b.   experimental 

(1)  Methyl 3-«ethoxy-2-(2,,2,-dinitropropyl) Propionate 

(a) A round-bottomed flask was charged with 
100 gm 3-chloro-2-(2'2,-dinitropropyl) propionic acid, 100 ml methanol, and 
50 ml cone, sulfuric acid. The mixture was refluxed for 2 hr on a steam bath. 

^B. C. Marvel, W. it. Miller, and L. C„ Chou, J. Am. Chem. Soc. 72, 5^08 
(195D; D. T. Mowry and R. R. Morner, J. Am. Chem. Soc. 69TT31T (I9u7). 
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The solution was then diluted with 1000 ml raethylene chloride and extracted with 
50C ml water. The aqueous phase was extracted once more with 2$C ml rcethylene 
chloride. The combined raethylene chloride extracts were washed twice with 
500 ml water, once with 500 ml of 2%  aqueous sodium bicarbonate, and once with 
500 ml water. The methylene chloride solution was dried over sodium sulfate 
and filtered, and the solvent was evaporated. The residue was the methyl 
3-chloro-2-(2',2l-dinitropropyl) propionate. 

(b)  This residue was dissolved in 200 ml 
methanol and a solution of lu gm sodium metal in 300 ml methanol was added. 
After refluxing for 3 hr the mixture was diluted with 1000 ml methylene 
chloride and extracted with 500 ml water. The aqueous phase was extracted one.j 
more with 250 ml methylene chloride. The combined methylene chloride solution 
was washed with water, $%  hydrochloric acid, and water. The solution was dried 
over sodium sulfate and evaporated. The methyl 3-methoxy-2-(2'^'-dinitropropyl) 
propionate distilled at 1 micron at 96 to 98°C. The yield was 38 gm, n£> - 
1.1652. T 

Anal, calc'd: *0CH3, 2U.81 

Found: 2OCH3, 23.25 

(2)  Methylo<-(2,2-Dinitropropyl) Acrylate 

The ester, as obtained above, was dissolved in 
150 ml methanol and 150 ml pyridine. The mixture turned brown at reflux 
temperature and waa held on a steam bath under reflux for 5 hr, during wnich 
time the methanol was removed by distillation. The brown pyridine solution was 
permitted tc stand overnight. Then 1000 ml methylene chloride was added and 
the solution was washed with 500 ml water, $%  hydrochloric acid, and again 
with -rater. The pyridine-free methylene chloride solution was dried over 
sodium sulfate and concentrated. The residue distilled at 3 microns at 78°C 
to yield 38 gm, ng5 - 1.U675. 

Anal, calc'd for C7H10N2O6: %C,  33.53; ,£H, 1.62; *N, 12.8U 

Found! %C.  38.70; %H,  U.82; *N, 12.37 

6.        Preparation of 5,5»5-Trinitro-l or -2-pentene 

a.   Discussion 

During an investigation of another reaction it was 
found that treatment of 5»5,5-trinitro-2-pentanol with an approximately equivalent 
volume of sulfuric acid yielded a homogeneous solution which, when heated, 
reacted exothermically and separated to yield a colorless organic phase. This 
oil was separated and distilled; the analysis corresponded well with that of 
the 5#5#5-trinitro-2-pentene. It should be noted that the dehydration of this 
trinitropentanol can give either the 1- or 2-pentene, although the 2-pentane is 
probably formed preferentially. 
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(N02 ) jCCH^ 2CHOHCH3 

(N02)3CCH2CH-CHCH3 

(N02)3CCH2CH2CH<;H2 

A study is currently in progress to elucidate the structure of the trinitro- 
pentene, inasmuch as it has become an important intermediate for further 
chemical synthesis. Ill 

b.   Exper imental 

A 100-ml, three-necked, round-bottomed flask fitted 
with a mechanical stirrer and internal thermometer was charged with 2$  gm of 
molten 5,5,5-trinitro-2-pentanol. With gentle stirring, 30 ml cone, sulfuric 
acid was added all at once. The temperature rose to $$°C  (wnen only a small 
amount of sulfuric acid was added, decomposition with brown fumes took place). 
An acetone—dry-ire bath was available for quick cooling. The stirrer was so 
adjusted that it ?<?ve mild stirring with no turbulence; i.e., when two layers 
were present it stirred but did not mix them. With mild stirring, the mix- 
ture was cautiously heated with a Bunsen burner to 8l°C, whereupon the 
temperature began to rise spontaneously. When it reached 100°C, the mixture 
was cooled to 95°C and a large colorless phase was noted. When the tempera- 
ture reached 100°C it was again cooled, without stirring, to 3$°C. The top 
phase and the sulfuric acid layer were extracted separately with hexane. The 
combined hexane extracts from two such runs were washed well with water, 
dried over Drierite, and distilled. Most of the hexane was removed through 
a 30-in. helices-packed column. The residual hexane was removed in vacuo. 
The remaining ligh -colored oil weighed 17 gm ana had a characteristic 
camphor-like odor. It was distilled at 1 micron, yielding 1$ gm (335?) of 
colorless liquid, bp 32CC, n|5 • 1.U613. The refractive index of the 

material distilled from three separate preparations has never varied more 
than .0001. A sample from another preparation was distilled twice, nip • 

1.U613, d2' » 1.3lhh,  and submitted for analysis. 

Anal, calc'd    for CcflyNjOfct    %C, 29.27; *H,   LUUj  tH,  20.1*8 

Found*    %C, 29.60; *H.  3.UU; *N.  19.67. 19.7U ; 

I 
B.   PREPARATION OF NITRO ALCOHOLS 

1.   Introduction 

Hitherto the only methods available for the synthesis of 
nitro alcohols have been by means of the Henry and the Hunsdiecker reactions. 
The development o<* the sodium borohydride reduction of nitro carbonyl compounds 
such as keconss, aldehydes, and acid chlorides to nitro alcohols has aided 
considerably in t.ra preparation of these very necessary reagents. The present 
report deals with the preparation of U,li,li-trinitro-l-butanol. This alcohol, 
when converted to the aerylate ester, should lead to a polymer having an 
estimated specific impulse of 200 lbf sec/lbm. 
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2.        Preparation of U,UtU-Trinitro-l-butanol 

a.        Discussion 

(1)      There are two probable synthetic routes to 
U,U,U-trin3tro-l~butanol: 

(a)     0K>2)3CH • CH2-CHCH0 

(b)     (N02)jCH • CH2-CHCO2H 

•*• (N02)jCCH2CH2CHO 

NaBH^ 

(N02)jCCH2CH2CH2CH 

NaBH^ 

(N02)3CCH2CH2C0C1 

S0C12 

(N02)3CCH2CH2C02H 

1 I 

(2)  This alcohol was first characterized from the 
product of reactions that proceed via route (b).^7 Shechter*" has reported the 
isolation of a crude material containing the alcohol prepared via route (a). 
Route (a) appeared to be the most direct approach and has been further investi- 
gated. Shechter reported the addition of nitroform to acrolein in ether 
solution. Since the Michael condensation with nitroform is known to proceed 
better in aqueous media, a solution of acrolein in water was added to a 
solution of nitroform in water at 0°C. This yielded a heavy oil which was 
dissolved in methanol and immediately treated with sodium borohydride. There 
resulted a £(# yield of a crude material whose refractive index did not change 
on distillation. This oil was not the expected trinitrobutanol, as evidenced 
by the fact that it did not react with p-nitrobenzoyl chloride,and it had an 
impact stability cf 5 cm/2 kg, whereas the known U,U,U-trinitro-l-butanol 
reacts readily with p-nitrobenzoyl chloride and is much more stable toward 
impact. 

17 

18 

r 

Aerojet Report No. 5U0, p. 3u. 

Private communication. 
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(a) By the use of the less equivocal route (b) 
a relatively large quantity of U,u,k-trinitro-n-butyryl chloride has been 
reduced with sodium borohydride. A reduction In dioxan under the usual 
conditions resulted in a low yield of crude material. This was probably a 
result of the difficulty of isolating the alcohol from an aqueous dioxan 
solution. In a second run diethyl ether was used as a solvent. This was run 
at reflux* No yellow color developed, indicating that no decomposition had 
occurred. However, the use of ether presented a problem, in that on addition 
of the reaction mixture to water under normal hydrolysis conditions, it burst 
into flame. This was avoided by dilution of the mixture with methylene 
chloride before hydrolysis. A 65£ yield of crude alcohol was isolated. 

(b) This crude alcohol was mixed with tricresyl 
phosphate as a carrier and the mixture was distilled at 0.5 to 1 micron in a 
falling-film still. All fractions obtained contained tricresyl phosphate, as 
indicated by solubility tests. Evidently the boiling points of trinitrobutanol 
and tricresyl phosphate are too close for a separation to be effected. Both 
the crude and pure trinitrobutanol are thermally stable up to 280CC, i.e., 
merely boil away when dropped into a hot Woods metal bath. The next batch 
of crude alcohol was distilled in a falling-film still without a carrier. 
This distillation afforded little or no purification. All attempts to 
crystallize this alcohol have failed. Attempts to prepare crystalline 
derivatives have been only partially successful. A p-nitrobenzoate and a 
p-toluenesulfonate have been prepared, but in poor yields. 

b.   Experimental 

(1)  Addition of Nitroform to Acrolein, Followed by 
Treatment with Sodium Borohydride 

(a)  A 200-ml, 3-necked flask fitted with 
thermometer, stirrer, and dropping funnel, was charged with a solution of 9.5 
gm nitroform (0.063 mol) in 35 ml water containing 3 drops of 10? sodium 
hydroxide solution. At -1 to •2°C, a solution of U.2 ml (3.5 gm, 0.063 mol) 
of acrolein in 30 ml water was added dropwise over about a half hour. A 
heavy yellow oil began to separate almost immediately. After all the acrolein 
solution was added, the mixture wac stirred at • 1°C for a half hour longer. 
The oil was separated, dissolved in 75 ml methanol, and transferred to a 
liOO-ml beaker mounted in an ice bath and fitted with a stirrer, pH electrodes, 
thermometer, and two dropping funnels. Then, with the temperature maintained 
at 18 to 23°C and the pH at 3 to h,  a solution of 2.3 gm (0.05 mol) sodium 
borohydride in 18 ml water containing a few drops of 103 sodium hydroxide 
solution was added dropwise. The yellow solution was diluted with 300 ml 
water and extracted with five 50-ml portions of methylene chloride. The 
methylene chloride solution was washed three times with water, dried for a 
short time over anhydrous sodium sulfate, and evaporated to dryness at 35°C 
in vacuo. The residue was 6 gm (50?) of an oil, njy> - 1.U7U2. 
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(b)  This material was distilled in a bulb tube 
at C.5n and 80 to 9C°C, to yield 3 go of a faintly yellow oil (njp - I.u7li2; 

I.S.  • 5 cm/2 kg), which would not react with p-nitrobenzoyl chloride. 

Anal, calc'd    for C^^Oyj    %C,  22.97;  *H, 3.37;  JCN,  20.09 

Found:    %C, 23.72; %A, 3.16;  *N,  20.61* 

(2)  Reduction of Trinitrobutyryl Chloride with 
Sodium Borohydride 

(a) A one-liter, round-bottom*»d flask »s« 
charged with 85 gm (2.2U mola) sodium borohydride (finely divided, 81$ by 
analysis). The flask was evacuated at 1 mm for 3 hr. Two 100-ml portions of 
absolute ether were added and the flask was evaporated to dryness again, in 
order to remove all traces of ammonia. The solid was transferred to a 1-liter, 
three-necked, round-bottomed flask fitted with a mechanical stirrer and a 
distillation head, and containing some glass marbles. Ether was added and 
500 ml was distilled, 250 ml remaining on the sodium borohydride. 

(b) A solution of 122 gm crude u,U,u-trinitro- 
butyryl chloride^-' in 200 ml ether was added dropwise to the sodium borohydride 
over about a half hour; this caused the ether to reflux. The mixture was 
refluxed and stirred for 2k  hr. The mixture was cream-colored throughout the 
reaction. Vethylene chloride (300 ml) was added and the reaction mixture was 
hydrolyzed by dropping slowly into a well-stirred mixture of 250 ml cone, 
hydrochloric acid and excess ice. The mixture was extracted with methylene 
chloride, then with ether. The combined extracts were then washed, first 
with saturated sodium chloride solution, then three times with 50:50 sat. sodium 
chloride—IN sodium bicarbonate, then with acidulated sat. sodium chloride 
and finally with sat. sodium chloride solution, then dried over Drierite. 
Evaporation to dryness left 63 gn of a dark oil. 

(c) An attempt to distill the oil in an 
ordinary Claisen-type apparatus was stopped when at 0.5ti, because it proved 
necessary to heat the oil bath to 125°C at 0,5n before the material barely 
started to distill. It was distilled by dropping through a falling-film 
still at 0.5u at a temperature of 75 to 90°C, and came over as e yellow to yellow- 
orange oil, n£? - 1.U732 to 1.U778. 

(d) Preparation of p-toiuenesuifonate:  1 gm 
of the above crude alcohol was dissolved in 2 ml dioxan and 1.5 ml pyridine. 
At 10 to 15°C» 1 gm of p-toluenesulfonyl chloride was added. After u5 min, 
the mixture was poured into water; the oil was washed with water and taken 
up with 8 ml methanol. The solution soon deposited crystals which were removed 
by filtration. The yield was O.li gm, mp 7l» to 75°C. A sample was recrystal- 
lized for analysis from benzene-cyclohexane, then from methanol, and yielded 
colorless needles, mp 75 to 76°C. 
T6    "• J-Prepared by refluxing 110 gm U,U,U-trinitrobutyric acid (0.U93 rool) with 250 

ml thionyl chloride for 2l» hr followed by removal of the excess thionyl 
chloride in vacuo. 
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Anal, calc'd    for CJJHJJNJOOS:    *N.  11.57;  %S, 8.82 

Found:    $11, 11.80;  %S, 8.82 

3.        Preparation of 5>5>5-Trinitro-2-pentanol 

( a.   Discussion 

(1) For seme purposes the 5,5,5-trinitro-2-pentanone 
derived directly from the reaction of potassium nitroform,  sulfuric acid, and 
methyl vinyl ketone is not pure enough.   A purification procedure for this 
ketone is described be lew. 

(2) A larger-scale reduction of the ketone with 
sodium borohydride was run in the same manner as previously reported, ° except 
that recrystallized ketone was used and the sodium bisulfite washings were 
omitted.    The resulting product crystallized.    This crystalline material, which 
melts at ty> to 50°C, could not be recrystallized. 

(3) One of the principal reasons for the preparation 
of this alcohol is that it may lead to the olefin, 5,5»5-trinitro-2-pentene. 
This might be accomplished by acidic dehydration of the alcohol (see above) 
or conversion of the alcohol to a bromide or a p-toluene sulfonate, followed 
by dehydrohalogenation or removal of p-toluenesulfonic acid.    Since it was 
expected that the 5#5»5-trinitro-2-bromopentane might be a liquid, the p- 
toluenesulfonate of this alcohol, which might be as useful as the bromide, was 
first prepared.    By treatment of the alcohol with p-tosyl chloride in the 
presence of pyridine at room temperature, 5,5»5-trinitro-2-pentyl p-toluene- 
sulfonate has been prepared in appreciable yield.    The trinitropentano com- 
pounds, such as the 5»5»5-trlnitro-2-pentanone, 5,5,5-trinitro-2-keto-L- 
pentanol, and $,5»5-trinitro-2-pentanol, are all reasonably stable to pyridine. 
This fact will simplify the preparation of other derivatives in this series, 

i 

b.        Experimental 

(1)      Purification of 5.5.5-Trinitro-2-pentanone 

One hundred grc of crude ketone, derived fron the 
reaction mixture previously described,^1 was dissolved in 100 ml benzene with 
alight warming.    The cloudy yellow solution was shaken with 30 gm anhydrous 
sodium sulfate and filtered.    The solid was washed with 50 ml of 50:50 benzene- 
hexane.    Addition of 500 ml n-hexane,  100 ml at a time, caused the separation 
of the ketone in colorless plates.    The product wa3 separated after cooling    in 
an ice bath and was dried in vacuo.    The yield was 78 gra (78£), mp III.5 to 
U2.0CC. 

+^T: 

I 

I 
i 

i 
l 

20 Aerojet Report No. 563, p. 70. 
21i bid. 
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(2)      Preparation of 5»5,$-Trinitro-2-pentyl p- 
Toluenesulfonate 

In a test tube,  1.1 gin (0.005 mol)  of once-distilled 
5,5,5-trinitro-2-pentanol,  and 1.1 gin (.005 mol) p-toluenesulfonyl chloride were 
mixed with 1.5 ml  (0.15 mol) anhydrous pyridine.    This caused some heat evolution 
and darkening.    The mixture was kept at room temperature for 2 hr,  at which time 
it was quite dark and very thick with crystals.    On dilution with water,  a heavy 
hrown oil was produced.    This oil was washed with acidified water and set to a 
semi-solid.    Rubbing with a few ml methanol, cooling, and filtering, yielded 1.2 
gm (6U^) of crystalline material, mp 67 to 68°C.    A sample was purified for 
analysis by two recrystallizations from methanol, followed by two recrystal- >, 
lizations from benzene-hexane.    The cample was obtained as large colorless 
prisms, rap 69 to 70°C. jl 

Anal, calc'd    for C^^NJOJS:    #.  38.20;  *H. U.Olj  *S, 8.$0 

Found:     ',C,  38.82;  *H, )i.23; %S, 8.85 

lu        Attempted Preparation of bis(5,5 ^-Trinitro^-hydroxy-l- 
pentyl) Carbona£e 

a.        Discussion 

(1)      Since 5»5,5-trinitro-l,2-pentanediol is an 
uncrystallizable oil difficult to purify and analyze, the following series of 
reactions,  to yield a related compound with similar specific impulse and which 
might possibly be crystalline, wa3 proposed. 

(N02)3CH2CH2CCH2OH • C0C12  >   [(^^CCH^^CH^l^0 

0 

[(N02) 3CCH 2CH 2CHOHCH 2^1 jCO 

(2) When an excess of 5#5»$-trinitro-2-keto-l- 
pentanol in chloroform was treated with phosgene at room temperature and a^ain 
at reflux temperatures, only starting material was recovered. However, in the 
presence of pyridine at or below room temperature, the same reactants yielded 
a high-melting (181°C) solid which had the elemental analysis expected for the 
bis(5»5#5-trinitro-2-keto-l-pentyl) carbonate. Attempts to reduce this ketone 
with sodium borohydride are new in progress. 
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b.        Experimental 

A 500-ml three-necked flask fitted with a mechanical 
stirrer, thermometer, dropping funnel and drying tube, was charged with 39 gm 
(0.16 mol) 5,5»5-trinitro-2-keto-l-pentanol and 100 ml methylene chloride. 
The mixture was cooled in an ice bath and a solution containing 8 gm (0.06 
mol) phosgene in 30 ml methylene chloride was added.    The keto alcohol did not 
dissolve.    At 0 to 10°C, a solution of 12.8 ml  (0.16 mol) pyridine in U0 ml 
methylene chloride was added dropwise over about 1$ min.    The keto alcohol 
dissolved rapidly a.id a clear yellow solution was produced.    The ice bath was 
removed and stirring was continued.    After a short time crystals began to 
appear and the solution darkened.    Two hours later the color was deep purple. 
The mixture was filtered by suction, the filtrate being discarded.    The solid 
was washed with methanol and air-dried;  the yield was 17 gm (U2.5£), mp 172 to 
175°C.    A sample which was twice recrystallized from di-n-propyl ether-acetone 
yielded colorless prisms, mp 180 to 181°C, and was submitted for analysis. 

Anal, calc'd    for C11H12N6O17:    %C,  26.1*1;  jCH.  2.U2;  *N,  16.30 

Found:    %C,  27.08;  *H.  2.U8;  *N, 16.76 

C.   PREPARATION OF NI TROCAR BOX YLIC ACIDS 

1.   Introduction 
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Nitrodicarboxylic acids are valuable starting materials for 
the preparation of diisocyanates and in the form of the acid chlorides they are 
used for the preparation of polyesters.    This report deals with the preparation 
of the bis-chloroformate of a polynitro alcohol, which can be used for the 
preparation of polyesters.    Furthermore, it presents a means for handling the 
distillation of h.U.U-trinitrobutyryl chloride in a relatively safe manner. 

2.        Preparation of the bis-Chloroformate of 1^,6,8,8- 
Pentanitr 0-1,11-undecanedioT 

Treatment of Li,l»,6,8,8-pentanitro-l,ll-undecanediol with a 
larae excess of phosgene in diethyl cellosolve yielded a crystalline bis- 
cliloroformate.    This derivative will also be made from the U,Li,6,6,8,8-hexa- 
nitro-l,ll-undecanediol when it becomes available. 

CH2C(N02)2CH2CH2CH20H CH^NO^tCH^OCOCl 

NO2CK • 2C0C12  » NO2CH 

CH2C(N02)2CH2CH2CH2CH CH2C(N02)2(CH2)30C0C1 
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3.   Experimental 

A 200-ml three-necked flask fitted with a stirrer, thermometer, 
and.gas inlet tube was cooled in an ice-salt bath *nd about 50 gm liquid phos- 
gene was condensed into the flask. At 0 to 5°C» a solution of 10 gm (0.02b mol) 
of pentanitro-undecanediol in 50 ml diethyl cellosolve was added dropwise. At 
first a milky suspension formed, then a homogeneous solution resulted. The 
mixture was stirred a half hour longer at 0 to $°C  and was then allowed to warm 
to 15°C. About a half hour later a white precipitate formed which did not 
dissolve on addition of 30 ml methylene chloride. The mixture was left over- 
night at room temperature. The following morning the mixture was evaporav.sd to 
dryness at reduced pressure, leaving a residue of 12 gm. A sample was re- 
crystallized from methylene chloride—carbon tetrachloride; the mp was 3l» to 
86°C. 

Anal, calc'd. for C^^N^O^C^: %C,  29.01; *H, 3.19j *N. 13.01; 

;tCl, 13.17 
Found:    %C, 29.$h; jSH, 3.12; %H, 13.07; 

Jfcl. 13.2U 

h.        U^fU-Trinitrobutyryl Chloride 

a.   Discussion 

Although the preparation of u,h,U-trinitrobutyryl 
chloride has already been described,2* current demands have necessitated a 
method of preparing larger quantities of this substance. Impact-stability 
tests showed that the compound detonated at 20 cm/2 kfc and thermal stability 
tests showed instantaneous decomposition at 190°C, and detonation at 2U0°C 
when the compound was dropped on a Wood's metal bath. In view of reports 
from Rohm and Haas of the occurrence of a first-degree explosion during the 
distillation of li,U,!i-trinitrobutyryl chloride by the usual high-vacuum 
method, the "falling film" technique was employed. This experiment illustrates 
the usefulness of the "falling film" molecular still." 

" 

b. Experimental 

A 500-ml round-bottomed flask containing 220 mi of 
purified thionyl chloride was charged portionwise with 110 gm (0.U93 mci) of 
L,U,U-trinitrobutyric acid, the mixture being swirled after each addition of 
acid. A calcium chloride drying tube was attached to the condenser and the 
solution was refluxed for 22 hr. The excess thionyl chloride was then removed 

22 

23 
Aerojet Report No. 5U0, p. 52. 

II. H. Gold, Anal. Chem. 21, 636 (I9b9). 
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under reduced pressure, a water aspirator being used for the first 1$ min and 
then an oil pump.    About 170 ml of the unreacted thionyl chloride was recovered 
in a dry-ice trap.    The residual li,U,l»-trinitrobutyryl chloride was then sub- 
jected to oil pump pressure for h hr,  in order to remove traces of thionyl 
chloride.    Then 80 ml of tricresyl phosphate was added to the impure acid 
chloride as a carrier solvent and the product was distilled in the "falling 
film" molecular still.    The following table gives conditions which were found 
to be satisfactory for the distillation of u,U,l*-trinitrobutyryl chloride. 

1 

Pass 

1 

2 

3 

li 

Time Pressure 
hr mm 

o,5 water aspir. 

2.3 2 

1.7 2 

2.0 2 

Temp. 
°C 

Yield 

2 75 _ 

95 to 105 60 1.U838 

110 to 120 39 1.U856 

120 to 123 18.2 1.U998 I 
Temperatures higher than 120°C are not recommended, since the refractive 
indices show that some tricresyl phosphate (n^5 - 1.55U1) is also collected at 

high temperatures. 

D. PREPARATION OF NITR0 EPOXIDES 

1. Introduction 

Epoxides, when permitted to polymerize, produce a polyethylene 
oxide chain.    If such an epoxide containing sufficient nitro groups in a side 
chain could be induced to yield a high polymer, a new type of polymeric 
structure would be available for propellant evaluation.    The present report 
deals with methods for the preparation of new nitro epoxides. 

2.        Attempted Preparation of l,2-Epoxy-3,3-dlnitrobutane 

a.        One of the simplest epoxides potentially capable of 
producing a polymer of high specific impulse would be l,2-epoxy-3,3-dinitro- 
butane, with an estimated specific impulse of 212 lbf sec/lbm for the polymer. 
Inasmuch as a sample of 3,3-dinitro-l-butene was available from a preparation 
at Ohio State University, the following synthesis was attempted: 

•I 

NO, 
I   2 

CH2-CH-C-CH3 • C6H5CO3H 

N0o 

NO* 

-> CH2-CH-C-CH3 •» C6H5CO2H 

^n      NC> 
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b. The reaction was conducted in chloroform solution with 
an excess of perbenzoic acid over the dinitrobutene. The rate of utilization 
of perbenzoic acid was measured at intervals by means of iodometric titration, 
and it was found th?.t the disappearance of peroxide was extremely slow both at 
room temperature and at elevated temperatures* In one experiment such a 
reaction was allowed to stand for 20 days. Although 7S%  of the required per- 
benzoic acid had been used up, the rate of disappearance of perbenzoic acid 
was more rapid in the chloroform solution control sample which contained no 
olefin. After the reaction mixture had been extracted to remove benzoic acid 
and perbenzoic acid, the chloroform solution was distilled. Half the original 
3,3-dinitrobutene was recovered. This was followed by a small quantity of 
additional distillate, representing approximately 25%  of a higher boiling 
material. This material has not yet been characterized. 

c. The apparent lack of reactivity of the dinitrobutene 
with perbenzoic acid was rather surprising. Accordingly, it was tested to 
determine the reactivity toward bromine and hypohalous acid. In neither case 
was there any noticeable addition. 

3.   The Attempted Preparation of 2,3-Bpoxy-$,$,5-trlnitropentane 

a.   Discussion 

(1)  Another synthesis for a nitro epoxide is currently 
under investigation, according to the following equations: 

i • 

(a)       (N02)3CCH2CH2CCH3 

0 

0 

(NO2)3CCH2CHCHCH3 

(N02)3CCH2CHXC-CH3 
It 
0 

NaBHtj 

-*> (N02)3CCH2CHXCHOHCH3 

••i 

(b) (NO^CCHgCHgCCHjOH 

0 

0 
/ v 

(U02)3CCH2CHCHCH 

•* (NO^-jCCHjChjCCHgX 

0 

NaBfy 

Several attempts via route (a)  to chlorinate 5»5»5-trinitro~2-pentanone with 
chlorine in the presence of water and calcium carbonate, and with sulfuryl 
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chloride in chloroform have failed to yield 5.5,5-trinitro-3-chloro-2- 
pentanone.    ftromination with bromine in ether or chloroform did succeed, and 
gave a high-boiling oil which had the proper elemental analysis and reacted 
with thioursa to yield the expected substituted thiazole, probably 2-araino-lj- 
methyl-5-2,2'#2'-trinitroethyl thiazole.    abomination with N-bromosuccinimide 
or with bromine in the presence of water and calcium, carbonate was unsuccessful. 

(2)      Treatment of 5,5,5-trinitro-2-keto-l-pentanol 
with thionyl chloride in chloroform, via route  (b), did not yield the expected 
chloro compound.    No sulfur dioxide was evolved.     (Evidently only a sulfite 
was formed.)    Since it was found that the starting material is reasonably 
stable to pyridine this reaction will be tried again in the presence of 
pyridine.    Treatment of the keto alcohol with p-toluenesulfonyl chloride in 
pyridine produced 5»5»5-trinitro-2-keto-l-pentyl p-toluenesulfonate in poor 
yield. 

b.        Experimental 

(1)      Bromination of 5»5»5-Trinitro-2-pentanone 

(a) A 20G-:al three-necked flask fitted with a 
stirrer and dropping funnel was charged with a solution of b.Li gin (0.02 raol) 
of 5»5*5-trinitro-2-pentanone in 30 ml chloroform and a few drops of U8$ 
hyUrobrooic acid.    A solution of 32 gm (0.02 mol) bromine in 20 ml chloroform 
was added dropwise.    The first portion of the bromine was absorbed slowly, 
the remainder more rapidly.    After all the bromine had been added and absorbed 
the mixture was washed well with water, dried over anhydrous sodium sulfate, 
and evaporated to dryness.    The residue was $.0 gm of a light-colored oil, 

n_    • 1.5075.    A sample was distilled twice from a bulb tube at 0.5n and an 

60 to 90°C air bath.    A middle cut was taken each time.    For the second middle 
cut n<p was 1.50U5;  the sample was submitted for analysis. 

Anal, calc'd. for CsH^Oy&r:    %C,  20.01;  *H,  2.02;  *N, lia.OO;  *Br,  26.63 

Found:    %0,  19.86;  *H,  1.83;   %\\,  13.12;  *&\  28.01 

(b) Reaction with Thiourea 

S 

(N02^3CCH2CHarCCH3 •  (NH^gCS  >  (NOj^CH^     C-NH2 

° /\! 
The above bromoketone (0.3 gm) and thiourea (0.1 gm) were mixed in a test 
tube with 2  ml methannl. The reaction was exothermic and the mixture 
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darkened.    After 2 nr of standing with occasional shaking, all the thiourea 
had dissolved and the color was dark brown.    The solution was diluted with 
3 to 5 ml water and a dark oil was  separated and discarded.    The filtrate, with 
2 m.1  of IN sodium bicarbonate solution, gave 0.1 gm of a brown solid.    This was 
isolated by filtration and purified by two recry3tallizations each from benzene 
and chloroform, yielding orange crystals.    This material does not have a sharp 
melting point;   it darkens suddenly at 105°C, and decomposes slowly up to 180°C. 

Anal, calc'd    for CgPyNgCfeS:    %U,  25.27;  *S,  11.57 

Found:    *N, 2k»9$; %S, 11.16 

(2)  Preparation of 5,5,5-Trinitro-2-ketc-l-pentyl 
p-Toluenesulfonate 

A 200-ml three-necked flask fitted with a stirrer, 
dropping funnel, and thermometer, was charged with U0 mi anhydrous pyridine. 
At -5 to 0°C, U.8 gm (0.02 mol) of 5.5»S-trinitro-2-keto~l-pentanol was added. 
A clear,  light-tan solution resulted.    At -5 to 0°C, 3.8 gm (0.02 mol) p- 
toluenesulfonyl chloride was added portionwise.    After 1.5 hr, the color was 
deep brown.    The reaction mixture was poured onto ice and the heavy brown oil 
was washed with dilute hydrochloric acid.    The oil was taken up in 10 ml of 
methanol and the solution deposited a solid, 1.2 gm, mp 100 to 102°C.    A 
sample was purified for analysis by three recrystallizations from methanol and 
yielded colorless crystals, mp 10U.5 to 105°C. 

Anal, calc'd   for C12H;ijN3010S:    %C, 36.83; *H, 3.35; *S, 6.19 

Found:    %C, 37.19; *H. 3.6U;  IS, 8.36 

E.   PREPARATION OF PIASTICIZERS 

1.   Introduction 

The iiitro polymers prepared on this program are, for the 
most part, hard, brittle materials. These properties prohibit their use on 
the roller mill and the extrusion press except at high temperatures and pressures, 
and these conditions cause extensive degradation of nitro polymers. It is 
apparent that a plastici2er will be necessary to permit the fabrication of 
nitro polymers with the usual plastics-processing equipment. The ideal additive 
must possess the properties of low volatility, low melting point, and mutual 
solubility with the polymer, as well as the ability to plastici?.e the polymer. 
In addition, a high specific impulse is desirable, to maintain the specific 
impulse of the final propellant at a high level. Also, as would be expected, 
high thermal and impact stabilities are a primary requirement. The present 
report deals with the preparation of such compounds, in an attempt to meet 
the above requirements. 
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2.   Preparation of Esters of Trinitrobutyric Acid 

a.   Discussion 

The preparation of esters of trinitrobutyric acid 
was initiated earlier.2u This work has been continued with the preparation 
of l,2,3-tris(U,U,U-trinitrobutyroxy) propane, l,2-bis(u,U,l*-trinitrobutyroxy) 
propane, and l,5-bis(U,u,li-trinitrobutyroxy)-3-oxa-pentane» The available 
data on these compounds are presented in Table XIX. i ' 

lli 

TABLE XIX 

ESTERS OF U,U,U-TRINITROBUTYRIC ACID 

Compound 

1,2-bis(L,u,U-Trinitro- 
butyroxy) ethane 

l,2,3-tris(u,U,U-Trinitrc- 
butyroxy) propane 

1,2-bis (li,u,U-Trinitro- 
butyroxy) propane 

1,5-bis (h ,h ,i*-Trinitro- 
butyroxy )-3-oxa-pentane 

Melting 
Point, °C 

(obs.) 

9U to 95 
93.9 (corr.) 

90 to 92 

63.5 to 6U.5 

3U.5 to 35.5 

Impact 
Stability 

cm/2 kg 

>100 

25 to 30 

>100 

>100 

Analysis 

Calc'd Found 

Coropound %C gj        gN        56C 

Heat of 
Combustion 

cal/gro 
^H        ffl      Calc'd    Found 

l,2-bis(U,u,U-Trinitro- 
butyroxy) ethane       25.u3 2.56 17.80 25.32 2.88 18.09 2u20  2382 

l,2,3-tris(U,u,u-Trinitro- 
butyroxy) propane 25.U7    2.U2    17.83 26.07    2.U2    17.88    2387      2a0li 

J ,2-bis(l4,U,U-Trinitro- 
butyroxy) propane 27.17    2.90    17.29 27.U7    2.90    17.06    2672      2610 

1,5-bis(U,k,u-Trinitro- 
butyroxy)-3-oxa-pentane 27.91 3.12 16.28 28.3o 3.1U 16.05 2756  2717 

HI Aerojet Report No. 563, p. S3. 

Page 73 

CONFIDENTIAL 



I 

CONFIDENTIAL 

VI Technical Progress, E (cont.) Report No. $90 

b.   Experimental 

(1) Preparation of l,2,3-tris(u,u,u-Trinitrobutyroxy) 
Propane 

A solution of 223 gm (1 mol) of trinitrobutyric 
acid and 30.7 gm (1/3 mol) of glycerol in 650 ml benzene was dried at reflux • 
temperature, using a Dean-Stark trap for the removal of water. The solution 
was then cooled somewhat to allow the addition of 5 ml aulfuric acid, and 'I ; 
heating was continued. The theoretical amount of water was removed after 
23 to 25 hr of reflux. The solution was decanted from the tar-like material 
formed during the esterification. An additional 200 to 250 ml benzene was 
added, and the solution was washed four tines with saturated sodium chloride 
solution. Following two washes with dilute sodium carbonate, the organic 
layer was washed four times with water. The solvent was then distilled at 
reduced pressure. The residue of crude l,2,3-tris(U,U,U-trinitrobutyroxy) 
propane was dissolved in 350 ml hot absolute ethanol. As the solution cooled 
to room temperature, a portion of the product separated from solution as a 
dark-colored viscous oil. The supernatant liquid (sol'n I) was decanted from 
this oil, and the latter was redissolved in UOC ml hot absolute ethanol (sol'n 
II). It was necessary to decant sol'n. II twice from the highly colored oil 
which separated (and was discarded). The li^ht-colored solid which eventually 
separated from sol'ns. I and II weighed 77.3 gm, corresponding to 32.7£ of the 
theoretical. Pure l,2,3-tris(u,U,U-trinitrobutyrcxy) propane (^9.2 gm, 2C.92) 
was obtained, following successive recrystallizations from 580, 520, and 350 ml 
absolute ethanol. 

(2) Prer\ration of l,2-bis(U,u,l*-Trinitmbutyroxy) 
Propane 

(a)  Direct Esterification of Trinitrobutyric 
Acid and Propylene Glycol 

A solution of Ui5 gm (0.65 mol) of tri- 
nitrobutyric acid and 2li.7 gm (.325 mol) propylene glycol in 500 ml benzene 
was dried during an initial reflux period, using a Dean-Stark trap. Sulfuric 
acid (5 ml) was added, and reflux was continued for 6-2/3 hr, during which 
time the theoretical amount of water was removed. The benzene solution was 
filtered to remove some charred material and washed five times with saturated 
salt solution, twice with dilute sodium carbonate solution, ana five 
times with water. The solvent was distilled under reduced pressure. Tne 
92—gin residue was r6crystallized successively from 250, 150, and 135 ml 
portions of absolute ethanol. During the third recrystallization, an ap- 
preciable quantity of the product was lost because of accidental breakage of 
the flask containing the mixture of product and ethanol. Seven additional 
recrystallizationc were required for complete removal uf the color free the 
recovered product. The 36-gm yield of l,2-bis(I»,U,l>-trinitrobutyroxy) propane 
corresponds to only 22.8%  of the theoretical. 

il' 
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(b)  Addition of Nitroform to 1,2-Diacryloxy- 
propane 

A solution of 18.h  gm (0.1 mol) of 1,2- 
diacryloxypropane in l»0 ml absolute «r.hanol was added dropwise with> stirring 
at 2?> C during a l$-min period to a solution of 33.2 gm (0.22 mol) nitroform 
in 100 ml ethanol. The resulting solution was stirred at 2$°C for 30 rain; 
the temperature was then raised to 1|0°C and stirring was continued for 2.5 hr. 
The solution was allowed to stand at room temperature overnight, and the ij ( 
solvent and excess nitroform were distilled at reduced pressure. The $0.3-gra 
residue was recrystallized twice from 6$-ml portions of absolute etlianol and 
a third time from $0 m] of ethanol. The 22.1-gm yield of 1.2-bis(U,Li,U- 
trinitrobutyroxy) propane, mp 63.5 to 6U.$°C, corresponds to U5.5/S of the 
theoretical. 

(3)  Preparation of l,5-bis(u,u,U-Trinitrobutyroxy)- 
3-oxa-pentane 

A solution of 21U gm (0.96 mol) of U,U,U-tri- 
nitrobutyric acid and b2.U gm (0.U mol) diethylene glycol in 700 ml benzene 
was dried at reflux temperature, using a Dean-Stark trap. Sulfuric acid 
(5 ml) was added, and heating was continued at the reflux temperature of the 
solvent. The theoretical amount of water was removed in a period of 6 hr. 
The solution was filtered to remove some charred material in suspension, and 
the filtrate was washed successively with three 300-ml portions of saturated 
sodium chloride solution, two 300-ml portions of dilute sodium carbonate 
solution, and three 300-ml portions of saturated salt solution. The solvent 
was distilled at reduced pressure, and the 192-gra residue /r&s  dissolved in 
$00 ml hot absolute ethanol. A small amount of suspended sodium chloride was 
removed by filtration. A portion of the product separated from the filtrate 
as a tan-colored, viscous oil. The supernatant solution (sol'n. I) was 
decanted, and the residual oil was redissolved in 200 ml of hot absolute 
ethanol (sol'n. II). The white crystalline product which separated from 
sol'n. I was recrystallized a second time from 30C ml ethanol, yielding pure 
l,5-bis(U,U,u-trinitrobutyroxy)-3~oxa-pe.ntane, The tan-colored product from 
sol'n. II was recrystallized from 200 ml ethanol and 120 ml ethanol. The use 
of the decreased volume of solvent during the third recrystallization caused 
an initial small portion of the product to separate as an oil, and the color 
was carried from the solution with this oil, which was discarded. The material 
which crystallized frcoi the colorless supernatant solution following decantation 
was pure product. The combined yield of 111.3 gm l,$-bis(U,b,U-trinitro- 
butyroxy)»3-(iea— pentane corresponds to 53,9"? of the theoretical. 

3.   Preparation of $,$,$-Trinitro-2-ketopentyl Acetate 

a.   Discussion 

Esters in general have been used as plasticizers for 
polymers.    In addition to the esters of trinitrob"tyrir acid, it is also 
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Anal, calc'd. for C7HQ0oN3:    %C,  .30.12;  %H, 3.2$; #1,  15.05 

Found:    *C,  30.66;  %H,  3.07;  |N,  15.35 

F.        INTERMEDIATES 

_  

^Aerojet Report No. 515. p. 6. 

Aerojet Report No. 563, p. 83. 
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possible to prepare potential plasticizers from various esters of highly 
nitrated alcohols, such as the 5»5,5-trinitro-2-ketopentanol.    The 5.5,5- 
trinitro-2-k?topentyl acetate has been previously prepared in these laboratories.25 
Because of the low melting point, apparent stability, moderately high specific 
impulse, and chemical structure of this compound,  it was considered advisable 
to prepare larger quantities cf the material for testing as a plasticizer for 
nitro polymers.    The compound was prepared by the reaction of 5.5,5-trinitro-2- • 
ketopentanol and acetyl chloride, using the latter reagent in quantities 20 
and 100^ in excess of the theoretical.    These experiments gave 5.5,5-trinitro-2- 
ketopentyl acetate in U3M and U8.5# yields, respectively. 

b.        Experimental 

A solution of 113.6 gm (0.5 mol) of 5»5,5-trinitro-2- 
ketopentanol in UiiO ml dry chloroform was warmed to gentle reflux temperature, 
and 1*7.1 gm (0.6 mol) acetyl chloride was added dropwise to the solution.    The 
addition was regulated to maintain the reaction solution at reflux temperature. 
Heating was continued for 3 hr, following the 1/2-hr period of acetyl chloride 
addition.    The dark-red solution was washed once with water, twice with dilute 
sodium bicarbonate solution, and twice with water.    The solvent was distilled 
under reduced pressure, and the residue  (109.5 gm) was iecrystallized from 5^0 
ml isopropyl ether.    Following two additional recrystallizations from isopropyl 
ether,  the 5,5,5-trinitro-2-ketopentyl acetate was obtained in li3.l$ yield (60.8 
gn).    The product melted at 52.5 to 53.5°C and had impact stability >100 
cm/2 kg. 

I 

i 

1.        Preparation of Acrylic Esters of Polyhydrlc Alcohols H 

a.        Discussion 

With the successful preparation of l,2-bis(u.Li,u- 
trinitrobutyroxy) ethane by the addition of nitroform to l,2-diacryloxyethane,26 
it was planned to use this method for the preparation of other trinitrobutyrates. 
The distillation of 1,2-diacryloxyethane was accompanied by considerable 
polymerization, and when the preparation of nigher-boiling acrylates was 
attempted t.ie polymerization was even more extensive.    An attempt to distill 
crude 1,2,3-triacryloxypropane,  obtained by the direct esterification of acrylic 
acid and glycerol, was unsuccessful.    Ths yields of 1,2-diacryloxypropane and 
l,5-diacryloxy~>«xa~pentane, prepared from propylene glycol and diethylene glycol, 
respectively, were low because of the polymerisation which occurred during 
distillation. 
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b.   Experimental 

(1) Preparation of 1,2-Diacryloxyprcpane 

A mixture of 317 gra (U.li mols) acrylic acid, 
102 gra (1.3U raols) propylene glycol, 2 gra hydroquinone, copper turnings, 
and 900 ml benzene was dried during an i»dtial reflux period, using a Dean- 
Stark trap. Sulfuric acid (5 ml) was added, and heating was continued at 
reflux temperature for a period of 28 hr. The solution was decanted, filtered,     |' 
and washed five times with saturated sodium chloride solution. The solution       \\ I 
was washed twice with dilute sodium carbonate solution and twice with 
saturated salt solution. Additional hydroquinone was added to the benzene | 
solution together with copper turnings, and the solvent was distilled at 
diminished pressure. The fcllowing data were taken during the distillation 
of the residue. 

Cut It bp, 51 to 53°C/0.5 mm; 16.3 gm; nj5,5, l.Wi62 jl 

Cut Hi bp, 51 to 106°C/0.5 nan; 12.9 gm; ng5»5, 1.UU91 

Cut III: bp, 106 to lll°C/0.5 mm; 29.1 gm; ng$.5, 1.U570 

Residue: ~170 gm (polymer) 

(2) Preparation of l,5-Diacryloxy-3-oxa~pentane 

A solution of 158.5 gm (2.2 mols) acrylic acid 
and 106.1 gm (1 mol) diethylene glycol in 500 ml benzene (with 2 gm hydro- 
quinone and 30 gm copper turnings for polymerization inhibition) was dried by 
means of a Dean-Stark trap during an initial reflux period of 30 to \i$  min. 
Sulfuric acid (5 ml) was added, and refluxing was continued for 9*5 hr* The 
theoretical amount of water was removed during this period. The mixture was 
filtered and the filtrate was given four 250-ml water washes, a single 250-ml 
wash with sodium carbonate solution, and four additional water washes. 
Hydroquinone (2 gm) was added to the benzene solution, and the solvent was 
distilled under reduced pressure. The 178-gm residue was divided into two 
portions, which were distilled separately. The following data were taken 
during the distillation of a 96.5-gm sample of the residue. 

Pre-cut: bp, <77°C/0.5 mm; 2,5 g» (discarded) 

Product Cut: bp, 81 to 83°C/0.5 mm; 6u.b gm; n£5» 1 ,h57u 

Residue: 29.2 gm (polymer) 

The combined yield from the two distilla*iors corrt-ponded to approximately 
5351 of the theoretical. 
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2.-  The Preparation of 3-Trinitromethyl-cyclohexanone 

a.   Discussion 

(1) , A great increase in the oxygen balance of 
compounds can be achieved whenever it is possible to introduce the trinitromethyl 
group into a molecule., A great deal of work has already been done and is now 
in progress on the addition of nitroform to unsaturated systems. Certain rules 
have been observed so that today predictions can be made as to whether or not !' j 
nitroform will add to an unsaturated system. However, only in few cases is the 
introduction of the trinitromethyl group possible^ when it is desired to 
prepare suitable monomers for the preparation of condensation polymers. Such 
compounds seldom possess the necessary functional groups in the molecule, to 
make them useful for polymerization. 

(2) An alternate procedure for the preparation of 
the monomers is to introduce the trinitromethyl group first and later the 
functional groups of the desired compound. Such a procedure is exemplified 
by the preparation of acids by oxidative ring-opening of cyclic ketones. Thus, 
cyclohexanone is convarted into adipic acid on a large scale. Similarly, a 
trinitromethyl adipic acid would be made available if it were possible to 
prepare a cyclohexanone with a trinitromethyl group in the correct position. 

(3) The addition of nitroform to cyclic compounds 
has occurred only in the reaction with dihydropyran.28 Xhe Michael reaction 
with conjugated systems such as 2-cyclohexene-l-cne or 1-cyclohexene-l- 
carboxylic acid or its derivatives offers the simplest method for the prepara- 
tion of cyclic compounds containing the trinitromethyl grouping 

The present report deals with the addition of nitroform to 2-cyclohexene-l- 
one in order to prepare 3-trinitrocyclohexanone according to the equation: 

(02N)3C 

HC(N02)3 -2C-> 

_ — 

Purdue Quarterly Report No. 1, p. 6; Schenck and von der Forst BIOS/Gr 2 HBC 
No. Shli;  Purdue Quarterly Report No, 2, p. 10-16. 

Aerojet Report No. UOu, p. 53; No. 168, p. 17. 
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The reaction was carried out in aqueous solution and a crystalline compound 
was isolated, mp 61 to 6l.5°C. 

Anal, calc'd for CyHo^Op %C,  3U.01; %H,  3.67; *N, 17.00 

Found: %Ct  3u.U$; *H, 3.63; %H,  17.16 

b.   Experimental 

A three-necked flask provided with a stirrer, dropping 
funnel and thermometer was charged with 3 gm nitroform in 3$ ml water and 
0.3 ml of a 20j8 aqueous solution of sodium hydroxide. The solution of 2.2 gm 
2-cyclohexene-l-one in 5 ml methanol was added slowly at a temperature of 10 
to 20°C. A milky suspension was formed and stirring was continued for 2 hr at 
room temperature. Then 50 ml methylene chloride was added and the solution 
was washed twice with saturated sodium chloride solution, once with 5%  sodium 
bicarbonate solution and once with saturated sodium chloride solution again. 
The almost colorless solution was dried over sodium sulfate and evaporated. 
The yield was 3.1 gm of a yellowish viscous oil which was crystallized from 
ether at -70°C and recrystallized from isopropyl ether. The melting point 
was 61 to 6l.5cC. 

3.   The Preparation of 2-Cyclohexene-l-one 

a.   Discussion 

,ii. 
(1)      The 2-cyclohexene-l-one was prepared by Kotz et 

al.29 by several methods, starting from eyelonersnone by ha]jgenation and 
introducing the double bond by el3jnination of liyorogen halioe. 

All methods reported eive a very poor yield and were found unsuitable for 
the preparation of a sizable amount of the desired product. 

(2)      Anotner possibility is the introduction of the 
double bond by removal of water from 2-cyclohexanol-l-one as reported by 
Kotz and Grethe^ according to the equation: 
__  

7J.  prakt. Chem. [2] 80. h89 (1909), Ann. 3$8. 196 (1909); U00, 80 (1913). 
30J. prakt. Chem. [2] 80, U89 (1909). 
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The chiorination yields 2-chloro-cyclohexanone in about 50% of theoretical and 
the hydrolysis proceeds in about lOi of the theoretical amount. The isolation 
of 2-cyclohexanol-l-one was improved, as reported in Paragraph b, below. 

(3)      Inasmuch as the reported methods were found I 
unsatisfactory for the preparation of the desired 2-cyclohexcne-l-one, the 
present synthesis started from cyclohexene, with the introduction of bromine \\ 
by a Ziegler broraination with N-bromosucciniinide.^l   Direct oxidation of the 
3-bromo-l-cyclohexene with chromic acid ir. dilute sulfuric acid gave the 
desired 2-cyclohexene-l-one.    The reaction proceeds according to the following 
equation: 

The yield was about 30% of theoretical. 

(U)      A better result was obtained when the bromine was 
replaced by the acetate group.    This was carried out by reacting the 3-bromo-l- 
cyclohexene with potassium acetate in acetic acid.    The oxidation of the 
acetate or of the hydrolysis product to 2-cyclohexene-l-ol gave the 2-cyclo- 
hexene-l-one in about 50% yield. 

b.        Experimental 

(1)      2-Cyclohexauiol-l-one 

A round-bottomed flask provided with a stirrer 
and tnermomet&i   and reflux condenser was charged with 300 gm chlorocyclohexanone, 
900 gm potassium carbonate, and 900 gm water.    The mixture was refluxed with 
rapid stirring for 3 hr.    The mixture, consisting of two layers, was then steam - 
distilled and 1000 ml of distillate was taken.    One thousand gm of potassium 

I! 
• 

31Ann, 551.  30 (19u2) 
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carbonate was added to the distillate and the mixture was cooled in ice water. 
The white crystals obtained were collected and dissolved in ethyl acetate 
while still damp. The water was separated in a separatory funnel and cooled 
to -liO to -$0°C. On the addition of et !er 72 gm of wnite crystals was obtained* 
the np was 95°C (literature 92 to 93°C). 

(2)  2-Cyclohexene-l-one 

The bromination of cyclohexene was carried out 
according to Ziegler et al.-*2 A three-necked flask provided with a stirrer, 
dropping burette, and thermometer was charged with 75 ml water and lU gm cone, 
sulfuric acid. The solution was cooled to 0 to *5°C and 6.5 gm of 3-hromo-l- 
cyclohexene was added. A solution of 3 gm chromic acid in 25 ml water was slowL 
added to this mixture within 60 min, with rapid stirring. The temperature was 
maintained at 0 to 5°C After 2 hr continued stirring tne mixture was slowly 
warmed to room temperature and allowed to stand overnight. The reaction mix- 
ture was steam-distilled and 250 ml of distillate was taken. The distillate 
was extracted three times with ether and the ether solution was dried over 
sodium sulfate. The ether was th«n evaporated and the residue distilled at I 
65 to 80°C air-bath temperature at 20 nan. The yield was 2.2 gm of 2-cyclo- 
hexene-1-one. i 

(3)  3-Acetoxy-l-cyclohexene 

32Ann. 551. 80 (19U2). 
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A mixture of 55 gm anhydrous potassium acetate 
and 210 ml glacial acetic acid was heated to 60 to 6$°C in a thrpA-necked 
flask provided with thermometer, stirrer, dropping funnel,and reflux condenser. 
Then 88 gm of 3-bromo-l-cyclohexene was introduced dropwise and potassium 
bromide in increasing amounts was precipitated during the course of the 
reaction. The mixture was stirred for 2 hr at 70 to 75°C. After cooling to 
room temperature 61.3 gm potassium bromide was separated on a filter. The 
filtrate was diluted with 500 ml methylene chloride and washed with 250 ml of 
1$%  aqueous sodium chloride solution. After another extraction of the aqueous 
layer with 200 ml methylene chloride the combined extracts were washed twice 
with saturated sodium chloride solution, once with 5%  sodium bicarbonate 
solution, and once again with saturated sodium chloride solution. The 
solution was dried over sodium sulfate and concentrated. The residue distilled 
at lit mm at 7h to 77PC to yield 60.b gm of 3-acetoxy-l-cyclohexene. 

It.   Trinitroethyl Propionate 

a.   Discussion 

Because of its structural similarity to trinitroethyl 
acrylate, it was decided to investigate the ability of trinitroetlryl propionate 



 !-_ 

CONFIDENTIAL 

VI Technical Progress, F (cont.) Report V<o. 5?G 

to act as a chain-transfer agent in the polymerization of styrene, methyl metiv- 
acrylate, etc,-'-'    This compound was prepared according *o tue j&ethod of Marans 
and Zelinski,3u with some minor modifications. 

b.   Experimental 

A solution of 10 gm of trinitroethanol and 10 ml of ether        j f 
was added to $0 ml of propionyl chloride (prepared from piopionic acid and • [ 
thionyl chloride, bp 78 to 79°C). The resulting mixture was heated on the !; • 
steam bath until most of the ether wa3 removed and then refluxed vigorously 
for U  hr, until no more hydrogen chloride gas was evolved. The excess 
propionyl chloride was removed under reduced pressure and the residue was 
poured slowly, with stirring, into cold water. The oil which separated was 
taken up in hexane; the hexane solution of the ester was washed several times 
with water (until the water extracts were colorless), dried over anhydrous 
magnesium sulfate for several hours, then concentrated and cooled in dry ice. 
The colorless needles which separated were collected and recrystallized several 
times from hexane. The yield of product melting at 23 to 2U°C, n^ - l.UWi9, 
was 11 gm, 86$ of theoretical. 

5.   Preparation of Polymerization Catalysts 

a.   Discussion 

It has been recently suggested that polymerization 
catalysts currently used on the nitro polymer and Aeroplex programs be replaced 
by symmetrical compounds of the azo- type as a possible means of obtaining 
increased molecular weights. This suggestion is based on work by Tobolsky-*? 
which has shown that the symmetrical azo compounds are unique, as compared 
with the peroxide and hydroperoxide catalysts, in that the rate of decomposition 
of the former at a given temperature is independent of the solvent. Tobolsky 
also showed that in the polymerization of styrene and methyl methacrylate 
there was no chain-terminating reaction involving the catalyst or its decompo- 
sition products when azo- type catalysts were used, in sharp contrast with the 
results obtained when cumene hydroperoxide or t-butyl hydroperoxide wae used* 
Azo bis-isobutyronitrile-*" and methyl azo bis-Tsobutyrate-*' nave been prepared 
for use as catalysts in the polymerization of nitro monomers. 

Cf. Section II, A, 1, c, on vinyl polymers. 

3UJ. Am. Chem. Soc. 72, 5329 (1951). 

In press. 
36 
Thiele and Hauser, Ann. 290, 30 (I896). 

37Ibid., p. 35. 
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b.   Experimental 

(1) Preparation of R,Nt-bis(2-C3rai-»o-2-propyl) 
Hydrazine 

A solution of 19$ gro (1.5 mols) of hydrasine 
sulfate in 1125 ml water was warmed to U0 to U5°C» * solution of lli7 gm (3 
mols) sodium cyanide in 525 ml water and 175 gm (3 mcls) of acetone was added 
in IQ to £> min while trie temperature was maintained at U0 to 50°C. Following 
this addition, the reaction mixture was held at U0 to U5°C for 3 hr with 
continued stirring, and then stored at 0°C overnight. The white, crystalline 
product was separated on a Buchner funnel, and the filtrate was further 
reacted, as above, with a solution of U9 gm (1 mol) of sodium cyanide in 175 
ml water and 58 gm (1 mol) acetone. The additional product was combined with 
the first crop on the Buchner funnel and washed well with ice water. The 
material was thoroughly dried orer potassium hydroxide pellets in a vacuum 
desiccator. The yield of N,N,-bis(2-cyano-2-propyl) hydrazine varied from 
225 gm (90? yield, based on hydrazine sulfate) to 325 gm, depending largely 
on how well the inorganic salts were removed during the washing. 

(2) Preparation of Azo bis-isobutyronitrile 

A mixture of 250 gm (1.5 mols) of impure N,N»- 
bi8(2-cyano-2-propyl) hydrazine and 250 ml methanol was chilled to -5 to 0°C, 
and 500 ml of 37%  hydrochloric acid was added rapidly with cooling and 
vigorous stirring at 0 to 10°C. Water (1000 ml) was added and the mixture 
was chilled to -5 to 0°C. A solution of 5l ml (1 mol) bromine in 750 ml 
methanol was added in three portions with vigorous stirring while the 
temperature was maintained below 10°C.  This quantity of bromine is usually 
sufficient, as the N,N'-bis(2-cyano-2-propyl) hydrazine is not pure.  The 
mixture was diluted with 1000 ml ice water and the product was collected on a 
Buchner funnel, washed free of bromine with ice water, then dried over 
potassium hydroxide pellets in a vacuum desiccator. The over-all conversion 
of hydrazine sulfate to azo bis-isobutyronitrile through the N,N'-bis(2- 
cyano-2-propyl) hydrazine was effected in about 66? yield. 

(3) Preparation of Methyl Azo bis-Isobutyrate 

ETy hydrogen chloride was added rapidly to a 
suspension of 100 gm (0.61 mol) of ak,o bis-isobutyronitrile in 750 ml methanol 
at 20 to 25°C. Solution of the azo bis-isobutyronitrile was completed in 
approximately 1 hr. The addition of hydrogen chloride was continued at a 
slower rate at 5 to 10°C for a period of 5.5 hr. The final mixture was stored 
at 0°C overnight and the precipitate was removed by filtration and wasned with 
cold, absolute ether. The precipitate of imido-hydrochloride was immediately 
converted to methyl azo bis-isobutyrate on dissolving in 500 ml water. The 
layer of oily product was separated, freed of a small amount of ether, and 
recrystallized from 100 ml hexane. The yield of 10U.5 gm of methyl azo bis- 
isobutyrate (mp 25 to 26°C) corresponds to 36.h%  of the theoretical. 
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6.   Preparation of Glycidyl Butyrate 

a.   Discussion 

(1) Work to date has shewn that glycidyl u.h.U- 
trinitrobutyrate does not polymerize readily to high-molecular-weight products. 
The literature on ethylene oxide and propylene oxide     erization^ indicates 
that (1) acidic catalysts do not yield products of as nigh molecular weight 
as do alkaline catalystsj (2) 1,2-propylene oxide does not polymerize as 
readily to higher-molecular-weight polymers as does ethylene oxide. 

(2) To determine whether the limited results obtained 
to date are due to the rather large butyroxymethyl side chain of the glycidyl 
U,U,U-trinitrobutyrate molecule or to specific effects of the terminal tri- 
nitromethyl group, it has been suggested that a model compound, glycidyl 
butyrate, be prepared for polymerization studies which will include the use 
of alkaline catalysts, 

(3) The desired compound was prepared by the 
following reaction: 

.  i 

II 
CH2«^H-Cii2-0-C-CH2-CH2-CH3 • C6H5COOH 

0 

0 1! 

CH2-aH-CH2-0-C-CH2-CH2-CH3 • C^C 

0        0 OH 

b.   Experimenta1 

(1)  Allyl Butyrate 

Approximately 132 gm (1,5 mols) n-butyric acid, 
131 gra (2.2$ mols) allyl alcohol, 200 ml benzene, 5 gm of p-toTuene sulfonic 
acid monohydrate, and 0.5 gm of 1,3,5-trinitrobenzene were refluxed until 
water could no longer be removed by azeotropic distillation. The initial 
reaction temperature of 79°C rose to 81 to 82°C. The mixture was then re- 
fluxed for an additional half hour (total reflux time, 2-l/U hr). The aqueous 
azeotrope layer weighed 33 gm (theory requires 27 gm of water). The acid 

11 

38 Carbide and Carbon Chera. Corp., British patents 58h,367    *nd 6lO,50$j 
H. R. Fife and F. H. Roberts  (to Carbide and Carbon Ohem. Corp.), British 
patent 601,6oU. 
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catalyst was then neutralized with 5 gm of sodium bicarbonate and the benzene 
and excess allyl alcohol was distilled off through a two-foot, packed, total- 
ccndensation-bead column. From 55°C/3u m to 59®C/31 mm a small intermediate 
fraction was collected. Almost ell of the main product came over at 59 to 
60°C/31 mm, yielding 176 gm (92* of theoretical); the n& was 1.U130. After 

iedistil.lati.cn at atmospheric pressure the middle fraction, bp lbO to Uul°C, 

had an n2* of 1.U131 and d2* of 0.896. The determined M2* was 35.21, as 

compared with the calculated value of 35*69* 

(2)  Glycidyl Butyrate 

For the conversion to the epoxide, 51 gm (0.U 
mol) allyl butyrate was dissolved in 50 ml chloroform, chilled to 0°C, and 
reacted with 1100 ml of 0.U8M perbenzoic acid (1/3 excess) in chloroform. The 
utilization of the perbenzoic acid was more rapid than by allyl It,U,h— 
trinitrobutyrate. To ensure complete conversion to the epoxide, an additional 
U0$ of the perbenzoic acid solution was added when the disappearance of 
active oxygen ceased. The benzoic and perbenzoic acid were removed in the 
usual manner. The residual oil obtained after evaporation of the chloroform 
weighed 56 gm (97*). Fractionation of this oil at 7.5 am yielded 12 gm, 

bp 78 to 79°C. nf* - 1.1*282, d2* - 1.03U. The first l.u gm that distilled 
25 25 

over had an n_ of 1.U281; in subsequent fractions the r^r was l«li27U and 

l.lt272. The equivalent weights on saponification were 1U3.5 and 1U3.U 
(theoretical lilu.18). 

Anal. calc»d for CTH1203: %C,  58.31; *H, 8.39; M|$, 36.1 

Found: %C,  58.35; *H. 8.32; M25. 35.89 
n 

711. SAFETY PRACTICE 

A. INTRODUCTION 

It has become the practice on this contract to maintain a section 
on safety procedures in order to report fires, fume-offs and explosions as 
well as the methods adopted for their prevention.    During the past quarter 
one fume-off was encountered which may be expected in other cases where the 
silver nitrate-sodium nitrite oxidative nitration is used. 

B. FUME-OFF IN THE PREPARATlLN OF 1,1-DINITR0ETHANE 

During the preparation of ],1-dinitroethane from nitroethane by 
the silver nitrate-sodium nitrite oxidation the silver is reduced to silver 
metal.    On a lt5-mol scale the quantity of reduced silver metal is appreciable. 
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This silver must be separated from the reaction mixture before it can be 
worked up. The silver in this instance was collected on a large Buchner 
funnel and washed with water. However, a good deal of the oily dinitroethane 
was apparently still adsorbed on the surface of the finely divided silver. 
As air was drawn through the silver mass the dinitroethane started to react, 
evolving large volumes of nitric oxides. This decomposition could not be 
stopped by further water washings and it was necessary to dura;-' the contents 
of the funnel into a large crock of water in order to stop further and more 
violent decomposition. In order to prevent such occurrences the procedure 
of isolation for the dinitroethane has been changed. The reaction mixture 
is now made basic so as to convert all the dinitroethane to the soluble sodium 
salt. Then, on filtration, the silver is readily purified by water washing. 
Acidification of the filtrate permits the separation of the dinitroethane in 
good yield with a minimum of danger. 

!' 

if 
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r»t» Questionnaire on 
COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES 

Listed below «re tht characteristics which are belle<»a<) to be of laportsnce In the study of a compound 
which oay posalblr be used as a constltucr*. of solid propellents   W Other ernloflvea.    It Is not eroected 
that all this Information will be available for every coapound.    For exaaple, with a coapouad showing poor 
stability,  It Is probably not advisable to lnvvtlgate that compound farther.    After placing auch Inforaatloo 
is Is available for a eoapound which you have prepared or tested on one of these for**, send It to SOLID 
mORLUNT INFORMATION AGENCY, 1PL/JHU, 8621 Georgia Are., Silvei  Spring, Maryland.    As additional Information 
on the s«ae or new coapounds accruea,  forward It on a slRller for* at a later date.    The inforaatloc submitted 
oa tbeae foraa will be rewritten and publlahed by SPIA In looae-leaf manual fora.    Theee foraa aay also be 
used as work or data sheata for your eroeriaental etujjies.    Extra copies are available upoa request froa SPIA. 
Suggestions for laoroveaent of these foraa are  Invited.    If insufficient aoace has i»*n provided for suy Itea, 
attach saparete sheets. 

COMPOUND: 
Name Pentaerythritol Acrylate Trinitrate 
Empirical formula      C7 
Structure: (eonflgureti on 

jEEr 
02NOCH2 0 

Information submitted by: 
ActivityAerojet Engineering Corporation* 
Person C. Vanneman, H. r*arrette~ 

25 January 1952 Date 

O2NOCH2-C-CCH2OC-CH2CK2 

O2NOCH2 

Preparation reactions):    (O^CC^)^0" * CH2-CHCGC1 
 (0?«OCHp^CHH?CXX;CH-CH? 

1.   Quantitative analysis^* by weight) 
Carbon 

Calculated from formula    29,55 
By determination 28.99 

Hydrogen 
3.U1 
122 

asr $h 
Nitrogen      Impurity, deterajjied 
H'??        from melting-poir.t 
12|66       curvR. laCaolg 

2.    Burning properties:(eoaparad to nltrocellulosa, under nitrogen at ataoanherlc praasuras) 

(fs start     elowarT      reeidua?   ate.) 
3.    Stability and Sensitivity: Plot any graphs on 

separate sheet 

Name of test 
a. Impact Sensitivity 
b. Thermal Stability 
c. Vacuum Stability 
d. Temperature of Explosion 
e. Temperature of Ignition 

Recommended method 
08RD3185 
OSRD 3401 p.8 
OSRD 3401 p.10 
06RD 3401 p.6 
OSRD 3401 p.6 

Hiscuss aathoda used abac they vary 
froa references.    Give teapersture used. 
(Use separata ahaet if necessary.) 

Uli.S^C. methyl violet paper" 

Reference compomd  
(cawlgaatiop-TaT, Tatryl, N.C., etc.) 

RESULTS OF ABOVE TESTS 
New Compound test results 

h. Nitrocellulose: 30 min. no color 
c. 
d. 
e. 
f. Nitrocellulose; 10 min, no color 
g. 
a. Rffl 2B era. PETN 17 cm 

Colored,  J hr;  no chance m appearance, 
5 hr 

No color or change in appearance, 5 hr " 

1UU en, no snots 

4.   Heat of formation: (AH) • -155 Kg. calories at 26*C., 1 atm. pressure 
~ (Indicate elgnj 

*Compound was first prepared by Allegany Ballistics Laboratory. 

CONFI DENTIAL 

if 

f. Thermal Stability, 65.5°C    PicatinnyArsenal Report No.  lhOl.    1.3-gB StucplerKI- 

h! impact Stability Bureau of lines Bull. No. 3ti6,  /kg Wt.. !>'US» gr.OW 
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By Experiment 

5. Energy o! explosion (O) 
(at 25<*\ H3o liquid)     

6. Heat of combustion (Hc) 
(•t 2«<*\ H20 liquid 

7. Specific Impulse (Isp) calc: 

28$0 

By Calculation 

cal/gm _ 

csl/gm 

lb-sec/lb 

299k 

Method 
. _ ss. or r«f t: 

•k«*\   If  »»o»»«*T7 
D.scrtj.»lci or r«ftr 

•» 
3»H«H 

Aerojet Report No, L17A 

8.   PhyslCRl form Of compound(riicoua  liquid,  crystalline tyoe, etc.) 

9. Simple microscope analysis d&ta:   Small, white,  rod-shaped or needle-shaped crystals 
(oryatal studies) ..   ^n 

10. Densltyiatocro method)  Mm/enfl.        (Micro or other method) -Ipo p/rm3.  Mm/ever*.   
lEroleln on separate sheet any unique methods you use.) 

11. Index of refraction: (ng5#c' )      12. Color      White 13. Odor None 

14.   pHat2i°C. 6.3 
aolTent and concert 

solution, Beckman meter 

  (Method reference OSJtt) 3401 o.A, or OSIID 5968.    Indicate method uaed, l.e, 
soiwent a68 concentratlona uaed.    pH Indicator oaoer or Beckaaa    pH meter.)       Tfoter,   satUTa uCd 

15. 

16. 

Hygroscoplclty*. 
New Compound 

Visible change on exposure 
to ambient air. 
% wt Increase by* (a) or (b) 

(Strike out method (a) or (b) ir pot uaad.f~ 
•Method: 

Reference 
Compound 

( designation ) 

(Tf other than 65155 methods are uaed, 
exolaln on generate sheet.) 

(a)    The aaaola (approx.  5-10 g.  of whole grain snail powder or 1 grain of large ooader)  la placed in a 
glass n'rhlnt bottle.    The weighing bottle (cower re»owed)  la placed In a vacuum drying owen for 5 hre. 
• 550r.    Remowe weighing bottle from owen, cower with glass stopner, cool in a desiccator and weigh 
aceurataly.    Thie la taken as original dry weight of sertple.    Then place weighing bottle (cower remowed) 
in a humidor (a 10-in. deeieeetor la a aatlafactory weeeal) containing 1 liter of 1B.61.5* HjSO/. 

(Thla giwaa relative huaildity 90 £.25*).    Place In an owen maintained at 30-2°C.    On the fourth day 
reaove weighing bottle from the humidor, cower with glass stopper,  cool in a dealccator and weigh. 
Then return to humidor for 24 houra,  cool and rewelgh.    Continue dally weighings until conatant weight 
indleatea sample has reached equilibrium with 90* R.H.    The % weight inc-eese is then reported ea 
hygroaeopleity of the eaaple. 

(b)    An alternate method is in OBRP 3401 p.3. 

Volatility:Report aa rate of loss in wt t per unit eree  (for liquid samples measure the surface ar»aj  for 
aolids, the eample ahould be screened between 100-120 mesh D.S. Standard certified    alewe)  per 4 hra., 
after constant rate of lose la obtained during three coaaentlw* 4-hr.  periods at (a)  ?c°r. In a veaael 
through shleh a atraam of dry air la forced,  \b) in an arwen at 65.5°^ or (c) under other test method or 
conditions.      

(Deairiptloa or reference to other   test or conditions used.    Dee  aeparate aheet if necesasxy.) 

Volatility results on: New Compound Reference Compound_ 
(designation) 

a. 
b. 
c. 

a. 
b. 
c. 

17. Boiling point, or decomposition temperature:    
(underline which temperature is reported) 

18. Heat at Vaporisation:   g-cal./gm 

°C. 

10.  Heat of Fusion: 

20.  Melting pome 

g-cal./gm 

. BTU/lb. 

BTU/lb. 

73.7 
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21.    Freezing point vs. Time Cuive: (71MH mtrk th* eoort'imtt* with icala value* that nvplj to tn* compound 
under study.) 
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22.   Solubility of new compound: 

0.01 g/100 ml H2O at 25°C 

132 g/100 ml 

±*2k_ 

Acetone  
terlal used M •olrent) 

g/100 ml       Toluene  
(naaa a* tar 1*1 used »« •olvaat) 

g/100 ml K20 at 

 at 

at 

2*.    Viscosity of the new compound and its solutions: 

SOLVENT NEW COMPOUND 
•t. « 

ic    solution 
a.        100  
b. 
c. 
d. 
e. 
!. 

10O 

NAME la**ol&tlc 
NCME 
MOW 

VISCOSITY at  TEMP. 
Cantiooiaaa °C. 

 a_ 
fSTT. (1J.1* K.)  r •sr 

_2L 

t. 

•c. 

METHOD USED 
r*far»nea 

b* 

• 

- \ 

1.0 

UO 1M tn> HO        m •« 
A, •• 

»IC IK 
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25. 

Under coapetehlMty ee are conalderin^ the ability of t»o co»ooands to bo  in intiaete contact  (Note 
C3TO 575^ p.  ?l-2?j  orer a  lonp period of tine nithout echrerse effects  on either the irheelcal  or nh/alcal 
orooertlee  of either aaterlel.    These teats will  pr<*">,1y be of varied extent.    Tbey alph*  be aoae of 
the following!   (a)    Standard stability tests,     (b)    Slaole ofcserfetions  of exudation or separation at 
aablent or accelerate) taanerattir*.     (c)  Prepare thin sheata  (.0?5" thick,  1" square)  of the plasticlted 
aaterlal,    Separate the sheets alth st.loe of clu-r*:.v<  pep*- «r <-erbc*. patwr and e^r"**S" tt* stack In 
• "C* ~laap.    After aererel day! note the oily collection on the oeper.      Please five reference to or 
describe Drocedure uaed.    Ttea ."6  Is to indicate results »hen the coeroound Is  In contact alth soae neteil- 
el other than ethyl cellulose,  nitrocellulose or mbber.     Test   performed   by  dissolving   sample 
and standard substance in a common solvent, drying rapidly on a glass plate, and 
examining the resulting film for clarity and homogeneity. 
Compatibility with ethyl cellulose:     

26.    Compatibility with nitrocellulose:     Ratio, 
wt  Sample" 

t NC 
?0/flf) r.nmpatlhlc 

Compatible 

27.    Compatablllty with rubber: Ratio, Trt sample 
-wt-rubber- 

20/80 
-ttXr 

Compatible 

incompatible 
Incompatible 

28.    Compatibility with 
-WSfTtT Incompatible 

20. 

30. 

Polymerizing properties of the new compound: 
(a) By Itself   gives acetone-insuxubie poxymi 
(b) In mixtures faith additives)    polymer   IS   ODD 

er.    In $0% acetone 
tamed. 

solution-soluble 

(c)   Inhibiting action on polymerization of: 
Thiokol 
Methacrvlate 
Other compounds 

Availability 
a. Amount now available? 
b. 
c. 
d. 
3. 
1. 

Research quantities. 
When was available material first prepared? 
Amount prepared at that time?  
Is large production feasible ? 
Plant capacity in existanc:, lbs/day? 
Outline steps for a quantity production method 

»1. Additional information: (voxieltr.  hacarda, deterloretloo,  oxygen balance, detonation rate, explosive 
poser, ease of hydrolyais by water, etc.    List references, reports, date books, etc. that refer to the 
ecapound.)         

Page h 
Appendix A CONF I DE NT IAL 



CONFIDENTIAL Report. No. 590 

SPIA/M3 

rate Questionnaire en 
COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES 

Listed Below ere the charccterlstlce which are belle"»d to he of iaportence In the study cf a coapound 
which way poaelbly be uaed as a eonstitu»r*  or solid propellent a  or other emloalvea.    It la not erre-ted 
that all tbla information will be available for every ecaipound.    For exaaple, with a coapound aboalng poor 
•lability,  it la probably not advisable ts investigate that coapound farther.    After placing such information 
<a  '.a available for a coapound which you have prepared or tasted on one of these fores, send it to SOLID 
•ROPELLANT INFORMATION AGQCT, APl/JHT,  8621 Gecrfrfa Ave., Silver Spring, Maryland.    As additional   Inforantlc* 
or. the aaaa or new compounds accrues,  forward it on a sinilar for* at a later date.    Toe information aubaltted 
on thaae foraa will be rewritten trtf published by SPXA In luoae-leaT moual fora.    These foraa aay also be 
deed aa work or data sheets for your emeri»*ntal studies.    Extra copies era available upon requeat froa SPIA. 
Suggestions  for iaoroveaent of theae foraa are invited.    If Insufficient aoace haa bean provided for any itea, 
attach separate sheet*. 

COMPOUND: 
Name k,UJ6.816M'entanitro-l.ll-u7xiecanedlol Information submitted by. 
Empirical formula   CnHigNc;0i9 Activity  Aerojet Engineering Corporation 
Structure: (configurati or,, "* Person    0.  Linden. R.  Parr«=tte 

Date 25 January 1952 

HOCH2CH2CH2C(NO2)2CH2CH(N02)CH2C(NO2)2CH2CH2CH2CH 

Preparation reactlon(s):   Reduction of hIit,6<8i6-pentanitro-undecanedioyl chloride ! \ 
with NaBr^  

1. Quantitative analysis^! by weight) 
Carbor Hydrogen Oxygen       Nitrogen             

Calculated from formula      31.96 U.63 Uo.16 16.95 __  ii: 

By determination 32.L6 h.60         16.90       

2. Burning properties:(coapared to nitrocellulose, under nitrogen at ataospheric pressurei) 

(fsstart     alowarT      residue?    etc.) 
3. Stability and Sensitivity: Plot any eranhs on Discuss aethods uaed when they vary 

separate abeet froa refereneaa.    Give taaparature used. 

Name of test Recommended method 
(Use separata sheet If necessary.) 

a. Impact Sensitivity OSRD 3185                                                         
b. Thermal Stability OSRD 3401 p.8            1JI;.5"C.  methyl violet paper 
c. Vacuum Stability OSRD 3401 p.10                           I 
d. Temperature of Explosion OSRD 3401 p.6             
e. Temper&tur* of Ignition OSRD 3401 p.6   ^__ 
f. Thercal Stability, 6$.5°C Plcatinny Arsenal HeporTfto. 1UC1. 1.3--jn sarcpTeT" 
g.       KT-stsirch paper.  
n-  Tnyar.t, Stability  Bm-pau nf VAne.s B»II. Mn. H.6, 2-w-p err., z<* jh^j 

RESULTS OF ABOVE TESTS 
Reference compound         New Compound test results 

(daalgnatlon-THT, Tetryl,  H.C.,  etc.) 
a.                 
b. Nitrocellulose; 30 min, no color Colored, 10 min; exploded. 11 mlp~ 
c. "  
d.     
e. 
f. Nitrocellulose;   10 min. no color Colored. 22 min;  no change in appearance. 
«• . 5 hr 
h.Rnx 28 cm. PETN 17 cm 100 r.iy nn shots  

Heat of formation: (AH) •        -17k Kg. calories at 25"C., 1 atm. pressure 
(indicate i'rnj 
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By Experiment 

Energy of explosion (Q) 
Js***. H20 liquid) 

6. Hemt of combustion (Hc)  
(•t 25«\ H20 liquid 

7. Specific Impulse (I8p) calc: 

356? 

By Calculation 

cal/gm 

cal/gm 

lb-sec/lb 

J6£ 

8.   Physical form of compound(viscous liquid, crystalline tyoe, etc.) 

Method 
•m or r«f» uewrlftlea or tmt»w*wet.     S*w*u«*>« 

•I 

Aerojet Report No, Ul?A 

9. Simple microscope analysis data:    Small,  light-yellowf pr1.«»mAMr>  rry«t.a1«», 
(oryetel studies) 

10. Densltyieacro aethod)     l«5o   j-Wrm3 (Micro or other eetfiod)     tgm/cm3. 
lain on separate sheet any unique Methods you use.) 

12. Color Lipht yellowl3.  Odor      None 11.  Index of refraction: (n|5*c' ) 

14.   pH at 25X. lie?     (Method reference OSRD 3401 o.4, or 08KD 5968.    Indicate method used.  I.e. 
eolv»wt and" eoneenlrellona uaed.    pH Indicator oeoer or Beckaan   pS •star.)        Water,   sat'irated 

solution. Beckman meter. 

15. Hygroscopicity. 
New Compound 

Visible change on exposure 
to ambient air.   
% wt Increase by* (a) or (b)   

(Strike out aethod (a)  or (b)  if not uaed.) ~ 
•Method: 

Reference 
Compound 

( riealgnatlon f 

flT other than below eethode are uaed, 
explain on eeparate sheet.) 

(•)    The eeaple (appro*.  5-10 t.  of whole grain swell powder or 1 grain of large poader)  la placed in a 
glsss weighing bottle.    The weighing bottle (cover reacted) la placed In a vecuua drying oven for 5 hra. 
• 55°^.    H—w< weighing bottle froa oven, cower with glass etopner, cool In a desiccator and weigh 
accurately.    Thle la taken aa original dry weight of saaple.    Then place weighing bottle (cower reaowed) 
in a hualdor (a 10-ln. desiccator la a aetiafaUory vessel) conUlnlng 1 liter of L8.6t.5* HjSO,. 

(This gives relsti-re hualdlty 90^.25*).    Place in an oven aalnUlaed at 30-2°C.    On the fourth day 
reaove weighing bottle fres the husldor, cover with glsss atopoer, cool In a  desiccator end weigh. 
Then return to hualdor for 24 hours,  cool and rewelgh.    Continue dally weighing* until constant weight 
Indicates aaaple has reached equilibrium w5th 9<3% R.H.    The % weight increase la then reported aa 
hygroscopicity of the saaple. 

(b)    An alternate aathod Is In CBRD 3X01 p.3. 

16.   Volatility:Report aa rate of lose In wt % par unit area  (for liquid aaapl»s aaaaur* the aurfaee area;  for 
aollds, the saaple should be screened between 100-120 aeah U.S. Standard certified    aleve)  per 4 hra., 
after constant rate of loss la obtained during three consecutive 4-hr. periods st (s) 25% In a vessel 
through which a atreaa of dry air la forced,  (b)  In an oven at 65.5°5 or (c) under other teat aathod or 
conditions.      

(Description or reference to other   test or conditions used.    Use separate sheet if necessary.) 

Volatility results on* New Compound Reference Compound 
(designation) 

a. 
b. 
c. 

a. 
b. 
c. 

17. Bulling point, or decomposition temperature:    
(underline which teapereture Is reported) 

18. Heat of Vaporization:    g-cal./gm 

X. 

19.  Heat of Fusion: g-cal./gm 

BTU/lb. 

BTU/lb. 

10.  Melting point 109 to 110 *C. 
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21.     freezing point vs. Time Curve: (FINM nark the coortlnatae with scale valuta that aupiy to the ccapcuad 
ur.der atudy.) 

Unstable at Melting Point (See 3b and 3f) 

'       l   l   '       '   I   i 

i ' I u ^ \—f-\ —i—i—H—i—\r+- 
'       ' '   i UJ 1 , 1 \- * L.-4  

a: i 

I    i   i       |   I 4- -|J_._ 
£   I i i : i i i i i 1— 
Ul 1 1 1 1  

! I 

TIME 

22.    Solubility of new compound: 

<0.C1 g/100 ml H2O at 25 °C. 

206 

<0.G1 

g/100 ml Acetone  
(najae catarlal uaad u aolvcnt) 

g/100 ml Toluene  
(MM aaterlal UMd M solvent) 

g/100 ml H20 at 

 at 

at 

2*.   Viscosity of the new compound and Its solutions: 

SOLVENT NEW COMPOUND 
•t. t 

In    solution 

a.    _ia>  
b. 
c. 
d. 
e. 
f. 

100 

NAME lnlolStle 
NOME 

—w5S— 

VISCOSITY «t TEMP. 
Cant loo laaa °C. 

 2i_ 
».«. 113.1W H.)       r "5T 

 x. 
25       «c. 

i£ 

METHOD USED 
refer* aoe 

\ 

^N^ ! 

.   - . . „ ': v     : 1 
\ 

\ 
\ 

0.     .__  
BT —*o—m— -  re—T» fie    ' " 
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25. 

Under cosrpatablllty •• tre conslderlne: the ability of two ccapouncta to be In Intimate contact  (Note 
CSRD 575^ p. ?1-22J over • loo* period of tine without adveree effects on either the chealcel or physical 
orooertlee of either saterlal.    Theae tests will probably be of varied extent.    They alght be sea* of 
the followlnfi  (a)    Standcrd stability tests,    (b)    Slnole observations of exudation or separation at 
aablent or accelerated teaiperatnre.     (c)  Prepare thin sheets  (.025* thick,  Is equai-a)  of »he plastic lied 
aaterlal.    Separate the sheet* elth atrloa of cigarette paper or -rerbon paper and cuapress the stsck In 
s *C* clasp.    After several daya note the oily collection on the caper.      Pleest ylve reference to or 
describe Drocedure user".     I tec ?8 Is to indicate reaulta when the coaDound Is  In contsct elth scae materi- 
al other than ethyl cellulose, nitrocellulose or rubber.     Test  performed  by  dissolving   sample 
and standard substance in a common solvent, drying rapidly on a glass plate, and 
examining the resulting film for clarity and homogeneity. 

Compatibility with ethyTcelhHose: __  

' 

26.    Compatibility with nitrocellulose:        Ratio. 
wt sample 
^v* 

ampj 

20/00 Compatible 
Compatible 

27.   Compatibility with rubber: Ratio. 
Compatible 

Hnrnpatihla 
Compatible 

28.    Compatability with Incompatible 

29. 

30. 

Polymerising properties of the new compound: 
(a) By Itself  
(b) In mixtures (»Uh additives) 
(c)  Inhibiting action on polymerization of: 

Thlokol 
Methacrylate 
Other compounds 

Availability 
a. Amount now available? 

When was available material 
Amount prepared at that time? 
Is large production feasible? 

Reaftarrh  qiiAirl 
il first prepared? b. 

c. 
d. 
e.   Plant capacity in existence, lbs /day? 
f 

titifts 

Outline steps for a quantity production method 

31.    Additional Lniormatlo.J (teodclty, haierda, deterloretlon,  oxygen balance, detonation rate, explosive 
poser, ease of hydrolyala by eater, etc.    List referencea,  reports, date books, etc.  that refer to the 
roapouad.)     ^  
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Pita Questionnaire on 
COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLENTS AND OTHER EXPLOSIVES 

Listed below ere tt* characteristics which ar« believed to be of importance lo the study of a coxprusj 
which asy possibly b« uied aa a cosstltuer* of solid propellanta or ether explosives. It la not exoected 
that all this Information will be available for *wrj eospoujid. For example, with a coapcund showing poor 
stability, It la orobeb:./ rot sdvi sable to Investigate that compound 'sithsr. Vfter placing auch Information 
is Is available for a cttipound which you haw* prepared or tested on one of these forms, send it to SOLID 
ttOPlLUNr IMFORMATICN ACINCT, IFL/Jftt), 8621 Georgia Awe., Silver Spring, Maryland. Aa additional Information 
on the tame or now compounds accruea, forward It on a similar for* at a later date. The information submitted 
oa thes. forma will be rrwrltten and published by SPIA in looae-leaf manual for*. These forma may slao be 
saed aa work or da'.* shesta for your experimental studies. Extra copies are available upon request from SPIA. 
Suggestions for laoroteasnt of these foraa are invited. If insufficient sasce has been provided for any itaa, 
•ttsch separate aheetfi. ' 

i 

COMPOUND: 
Name U, li ,6 ,6 ,8,8-Hexariitr o-l, li-undecanedio^nformatlon submitted by: 
Empirical formula ^ll'ul8K6°lU Activity Aerojet Engineering Corporation 
Structure:(corifi|rup»*loii) **~^*"** Person G. LindenP R. Parrette 

Date       9<  January 1<*2  

HaH2CH2CH2C (NO2) 2CH2C (N02) 2CH2C (N02) 2CH2CH2CK2CH 

Preparation reactlon(s):     Reduction of U,Ut6t6>8tS-hexanltro^ltll-uadecanedioyl 
chloride with NaBH^  

1.    Quantitative analysis^* by weight) 
Carbon Hydrogen Qqrgen       Nitrogen 

Calculated from formula    29.33 3.96 Uo.87        18. Jh 
By determination 29.50 3.81i US.17        IB .1-9 

I.    Burning properties:(eoapsred to nitrocellulose, under nitrogen at ataoapherlc prsssurws) 

(raatart     alowsr?      residue?    steT) 
3.    Stability and Sensitivity: plot any graphs oa Discuss methods used whan they vary 

separate shsst froa references.    Civs teejperetore used. 
(Has separate sheet If neoesaary.) 

Name at teat Recommended method 
a. Impact Sensitivity OSRD 3185  
b. Thermal Stability                                  OBRD 5401 p.8 13U.5"C. methvl violet paper 
c. Vacuum Stability OSRD 3401 p.10   
d. Temperature of Explosion OSRD 3401 p.6   
e. Temperature of Ignition OSRD 3401 p.6 
f. Thermal Stability. 6S.5°C    Plcatinny Arsenal Report No. 1U01;  1.3-gm sample. KI- 
g.   ___________ starch paper  
h. Tn^pa^t Stability Bureau of Mines Bull.No.3Uo:  2 kg wt.. 50% shots 

RgSVLTS Of ABQVg TT8T8 
Reference compound         New Compound test results 

(daelgnation-TJrr, Twtryl, I.e., sto.) 
a. 
b. Nitrocellulose:  30 min. no color Colored. 5 min:  exploded. 6 mir. 
c.  
d.  

__^_____________________________________. 
f. Nitrocellulose; 1C min. no color    Colored 16 min; no change in appearance". 

I RDX 28 cm. PETN 17 cm IQcTcin. no shots 

4.   Heat of formation: (AH) • -173 Kg. calories at tt^C., 1 atm. pressure 
(TnSIeaTS eljnj 
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By Experiment By Calculation Method 
.••crlptloo or r«f»r»ne».     3ip*rat* 

5. Energy of explosion (O)    cal/gm  
(at 55C. H20 liquid)     *  

6. Heat of combustion (H„) 320$ cal/ga <??2    Acroj-.t P°rort. Mn,  L17A 
(•t 25*". H20 liquid! 

7. Specific Impulse (Isp) calc:    lb-sec/lb  

8. Physical form of compound(viecous 11-uid, crystalline tyoe, etc.)    _^______^_________^____ 

9. Simple microscope analysis data;   Small,  light-yellow, rod-shaped or needle-shaped crystals, 
(eryetal atudlaa) 

10. Densityiaacro method)  jtm/cni?.        (Micro or other aetho^)      gm/cm3. 
(Explain on separate sheet any unlnue methods you use.) 

11. Index of refraction: (no5*0* )      12. Color  Light yellovt3.  Odor     None . 

14.   pH at 35T.        It»-     (Method reference OSRD 3401 o.4,  or USRD 5<*>8.    Indicate aethod used,  i.e. 
•olvent and concentrations used.    pH indicator oeoer or Beckaan    pH aeter.)       Water .   saturated 

solution.  BecJonan meter. 

15. Hygroscopictty: Reference 
New Compound Compound _^^_^_^__^ 

Visible change on exposure I dealfnatloo ) 
to ambient air.         
% wt Increase by* (a) or (b)      ~~   

(Strike out method (a)  or (t>)  IT not uaadTl iir other than below aethods are used, 
'Method: ertolain 00 seoarate sheet.) 

(a) The aaaole (aoorox.  5-10 g.  of whole grsin eaell  powder or 1 grain of  large ooader)  la Disced  In a 
glass weighing bottle.    The weighing bottle  (cover reaoved)  is placed  in a  vacuum drying oven for 5 hre. 
• 55°".    Remove weighing bottle from oren, coyer aith glass stopner, cool In a deelceator and weigh 
accurately.    Thia Is taken aa original dry weight of aanple.    Then place weighing bottle (cover reaoved) 
in a  humidor (a  10-ln. desiccator is a satisfactory vesael) containing 1 liter of  18.6 -.5% HjSO/. 

(Thia gives relatiTe humidity 90t.25<).    Place in an oven maintained at 30-2°C.    On the fourth day 
remove weighing bottle froa the humidor, cover aith glass  atopoer, cool in a  desiecstor and weigh. 
Then return to nualdor for 24 hours,  cool and rewelgh.    Continue dally weighings until constant weight 
indicates Maple has  reached equilibrium aith 90% P..H.    The % weight  lrcrease Is  then reported aa 
hygroscopicity of the aanple. 

(b) An alternate aethod la  in OSRD 3401 p.3. 

Volatility Re port as rate of loaa in wt t per unit area  (for liquid samples aeeeure the eurfaoi areaj  for 
aollde,  the aanple should be screened between 100-120 mesh U.S. Standard certified    aleve)  per 4 hrs., 
after constant rate of loaa is obtained during three conaeeutive 4-hr.  perloda at  (a)  25^ in a veeael 
through which a stream of dry air Is forced,  (b)  in an oven at 65.5°C  or (c) under other test method or 
conditions,      

(Description or reference to other   teat or conditions used.    Use  separate sheet if neceaaaxyTT 

Volatility results on: New Compound Reference Compound 
(designs CTon) 

a- a. 
b.  b. 
c. c. 

17.   Boiling point, or decomposition temperature:     
(underline which teaperatura la reoorted) 

18. Heat of Vaporization:    g-cal./gm   BTU/ib. 

19. Heat of Fusion: g-cal./gm < BTU/lb. 

20. Melting point 12$ tc  12$.g°C. 
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21.    Freezing point vs. Time Curve: (Please «ark the coordinate* with scale values that soply to the compound 
under study.) 

Unstable at Melting Point (See 3b and 3f) 
.      —  

I 
i 

1 !    | 
j        1 

1 
i 

I 

1         j 
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1 
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i 
1 
1 

< 1 

i                  1 I 
a. 
3E 

1 
i 
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r r i i 

t 

r- 1 • 
\ 

, 1 I  

i   f 

m 

TIME 

22.    Solubility of new compound: 

 0.C2 g/100 ml H20 at 25°C. 

2hL 
0.C2 

g/100 ml Acetone  
(nsjae~a«terial used as solvent) 

g/100 ml Toluene  
(MM nmterlal used as solvent! 

g/100 ml H20 at 

 at 

at 

2*.    Viscosity of the new compound and its solutions: 

SOLVENT 

^_ •c. 

NEW COMPOUND 
•t. % 

in    solution 
a. 100  
b. 
c. 
d. 
e. 
f. 

wua 

100 
K/. (13.15* K.) 

la'solution 
NGKE 

NOlsT 
 ?  

VISCOSITY at  TEMP.       METHOD USED 
Centiooises °C. reference 

TT 
.. 

r:imiel*< rturtUw tpewtfw of 

*v /«. I«C *to IOC DO 
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25. 

Under coaipatabillty ae are considering the ability of tao conDounds to be In intiaale ooDfect  (Note 
0SK3 175c1 p.  ?l-22)  orer a  ion* period of tlite •lth'^it adverse effects OP. either the chemical or ohyxleal 
nrooertlee of either aeterlsl.    """heee testa will probably be of reMed extent.    They aipht be ao«e of 
the folioelngt  (a)    Standard stability testa,     (b)    Slanle  obsenratlons of exudation or separation at 
• •blent or accelerated teeneratrre.    («0 Prepare thin sheets  (-025" th«ck,  I" anusrs)  of the plastlclted 
material.    Separate the sheets with stride of cigarette paper or carbon reoer and eoapreas toe stack In 
a *G* elaaip.    After several days note the oily collection on the  oaoer.      Pleaae five reference to or 
describe orocedure use*'.    I ten ?8 is to indicate results "her; the compound Is  in contact alth aoae nateri- 
al other than ethyl cellulose,  nitrocelluloaa or rubber.     Test   per Termed  by   dissolving   sariple 

and standard substance in a common solvent, drying rapidly on" a glass plate, and 
examining the resulting film for clarity and homogeneity/ 
CompaUbUity with ethyl cellulose:   _ ° J  

WE sample 
26.   CompaUbUity with niirocellulose:       Ratio, wt NC 

27.    CompaUbUity with rubber: Ratio, 

Compfltlbl 
uompatlDl 
Compatible 

fjnmnat.1h.1a 
Incompatibl 
Inconpatibl' 

ble_ 

I i   i 

28.    CompaUbUity with 

29. 

30. 

Polymerizing pxoperUes of the new compound: 
(a) By itself  
(b) In mixtures (»ith additives)     
(c) Inhibiting action on polymerization of: 

Thiokol   
MethacryUte 
Other compounds 

Availability 
a.  Amount now available? 
b. When wad available material: 
c. Amount prepared at that time? 

Is Urge production feasible ? 

Research quantities. 
first pret*»re^ * 

Plant capacity in existance, lbs/day? 
OuUlne steps for a quantity production method 

'1.    Additional information: (toxlclty, hesards, deterioration, oxygen balance, detonation rate, explosive 
poser, oese of hydrolysis by eater, etc.    List references,  reports,  data books, etc. that refer to the 
compound.)    __^  
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Hate Quest) enri* ire on 
COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES 

Lltted below ere the characteristics which are believed to be of laroortance  In the atudy of a coapound 
which oay possibly be used as a eonstltuer*. of solid propellents  or other explosives.    It  Is not expected 
thst all this  information will be available fcr every compound.    For example, with a compound ehowlnp noor 
etebillty,   It Is  probably rat advisable  to investigate that comrvrind  farther.    After placing such i nfoi—etlon 
is   '.a ava'lable  for a coapovnd which y~.i have pr«pered «r ••sted on one of these fcras,  send  !t to SOLID 
~OTOLLAVT INFOWUTTCN AGQCT, APL/JHTI,  «621 Georgia Ave., Silver Spring, Maryland.    As additional  information 
an the saw*  or new compounds accrues,  forward  it  on a similar for* at a  later date.    The  inforaation aubaltted 
oo theee fores will be  rewritten and published by SPT-A  In  loose-leaf manual fora.    These foras aay alao be 
used as work or data sheets for your ssp*ri=ertal studies.    Extra copies are available upon request froa SPIA. 
Suf—etione  for improvement of these forma are  invited.    If insufficient snece  has  Been nrcviOS'd  for ar.y itea, 
attach separate sheets. 

COMPOUND: 
Name l12-Ms(h,h>U-TrinitrobJtyroxy)   ethane information submitted by: 
Empirical formula ^10"1?^601-^      Activity  Aerojet Engineerjnn Corporation 
Structure: (configuration) ~ Person    C.  ViriTier^n.  R.   Farretle 

Date        25  January  1952 

Preparation reactlon(s).   CH2-CriC0C'CH?CH?CuCC!{=CH? •*• CH(VO?)ri >  
(Nng)jcc.Hgf.:hgr;onrHgnHgil(r.r,hgnHg.-:(:TOg)3  

1.    Quantitative analysis^* by weight) 
Carbon Hydrogen Oxygen Nitrogen Irr,;. urity, deterr ir.ed 

Calculated from formula      2g,L3             2.56 $\i.21 17.50 froir, reltin^-point 
By determination                   25.32             2.3S   IB.09 c___,   c>,? •V;- 

1.    Burning properties:(c<—pared to nitrocellulose, under nitrogen at ataospbe:ic prassurs:) 

jftst#rT      aioaarT      residue?    etc.) 

3.    Stability and Sensitivity: plot any graphs on Plscusa aethods used when they vary 
separata sheet froa references.    Give temperature used. 

(Use separate aheet If necessary.) 
Name of test Recommended method 

a. Impact Sensitivity OSRD 318S  
b. Thermal Stability OSRD 3401 p.8 13U.SeC.  methyl violet paper 
C   Vacuum Stability                                       OSRD 3401 p.10 _ T 
d. Temperature of Explosion OSRD 3401 p.6   
e. Temperature of Ignition OSRD 3401 p.6 . __  
f. Thermal Stability,  65.5°C    Ficatii_:y Arsenal Report No.  il'Jl;   I.3-pn ganple, 'Kl- 
g.      ^__ starch paper      
h.   impact Stability Bureau of t-'ines  Pull. No.  31*6;   2 kg wt,.  30% shot? 

RESULTS OF ABOVE TESTS 
Reference compc*ind___ New Compound test results 

(deslp_tion-Tyr, Tstryl, K.C.,  etc.) 
a.                     
b. Nitrocellulose;   30 min,  no color Colored,   2b" roin;   no change  in appearance, 
c-   5  hr  
d.  
e. _^    
f. Nitrocellulose;   10 min,   no color ".o color  or cnange in appearance,  b  f~~ 

h!   ROC  -b1  cm,  Pgrg   1/  cm   1LXJ cm,~~o *B6.g 

4.    Heat of fo» matiocc (_H) + -208 Kg. calories at 2Bt., 1 atm. pressure 
r~bleats sl<?nj 

Fa-e 13 
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By Experiment By Calculation Method 
•tu/loalaa or  r.fi 
• ka.%  If wMaaaaer 

!»>„>liilra « refsrvaee.    »•»•*•*» 

5. Energy of explosion (Q)  cal/gm '  I 
Tit  25<*\   t^O liquid) I 

6. Heat of combustion (H„) 2382 cal/gm      2U20 Aerojet Report No. U17A 
(•t 25«\ H20 liquid! 

7. 8peclflc Impulse (IsP) calc:   lb-sec/lb  

8.   Physical form of compound (viscous Mould, crystalline tyoe, etc.) 

a.   Simple microscope analysis data:   Small, white,  prismatic crystals  
(crystal studies) . f, I ' 

10. Densityiaae.ro method)    l»oZ9 gm/cmfi.        (Micro or other aethod) -1*00 gm/cm'. | 
lExolaln on separate sheet any unique aethoda you use.) | 

11. Index of refraction: (n$5#c-)      12. Color      White 13. Odor       None . 

14. pH at 25*C.        6«1     (method reference OSRD 3401 ",<,  or QSKD 5968.    Indicate method uaed, J.e^ 
•olTent ao3 concentratione used.    pH Indicator oaoar or Beekaen   pT meter.) Water,   saturated 

solution, Beckman meter.  

15. Hygroscoplcity: Reference 
New Compound Compound _^^_^_^__^__ 

Visible change on exposure ( deaignatioo ; 
to ambient air     __ __ 
% wt Increase by* (a) or (b) 

(Strike out method (a)  or lb)  ir pot uaeoT) (IT other than below methods are useo, 

•Method: exolaln on aeoarate sheet.) 

(a) The Maple (appro*.. 5-10 jr.  of whole grain aaall powder or 1 grain of large Deader)  la placed in a 
gists weighing bottle.    The weighing bottle (cower removed) la placed in a vacuum drying owen for 5 hre. 
• 55°").    Reaowe weighing bottle froa owen, cower with glasa atopner, cool In a dealceator and weigh 
accurately.    Thla la taken ae original dry weight of sample.    Then place weighing bottle (cower reaowed) 
in a humidor (a  10-ln. deelcertor ie a aatlafactory weaeel) containing 1 liter of lS.6t.5f, HjSO/. 

(Thla gives relative bualdlty 90 -.25*).    Place in an owen maintained at 30-?°C.    On the fourth day 
reaowe weighing "uottle froa the humidor, cower with glass atopner, cool in a desiccator and weigh. 
Then return to humidor for 24 hours, cool and reweigh.    Continue dally weighings until constant weight 
indicates sample has reached equilibrium with 90? R.H.    The % weight Increase la than reported aa 
hygroscoplcity of the sanple. 

(b) An .lte..»te earned la in OSRD 3401 p.3. 

16.   Volatility:Report aa reta of loss in wt % per unit area  (for liquid samples measure the aurface areaj  for 
solids, the saapla should be screened between 100-120 aaah U.S. Standard certified    alawe) par 4 hre., 
after constant rate of loss la obtained during three consecutive 4-hr. periods at (a) 25*fc in a vaaael 
through which a stream of dry air la forced,  (b) in an owen at 65.5*^ or (c) under other teat method or 
conditions.     

(Dasorlptlon or reference to other   test or conditions uaed.    use separate sheet if neceeeary.) 

Volatility results ore New Compound Reference Compound 
(designation; 

». a.   
b. IZZZZZZZZZZHZZZHZ! *>• 
c.   c. 

17. Boiling point, or decomposition temperature: 
(underline which teapsrature is reported) 

18. Heat of Vaporization:    g-cal./gm BTU/lb. 

19. Heat of Fusion: g-cal./gm BTU/lb. 

20. Melting point      93«9 «c. 

Page  ih 
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21.    Freezing point vs. Time Curve: (Pieaea «ork tha coort<inataa »ith scale raluaa that aoply to tbe coapouad 
under atuiJ;.) 

Apparatus of W. k.   • 

Smit, Dissertation, {£ 

Amsterdam (1?U6) 

100C 2000 3000 liOOO 
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TIME,   see 

22.   Solubility of new compound: 

<0.01 g/100 ml H»0 at 25^. 

87 

l&L 

g/100 ml    Acetone  
(aaaa aatarlal usad a* aolvant} 

g/100 ml Toluene 

g/100 ml H20 at  

 »t £ 
at 

(law a*tar'.aJ. u#«d a» to^T^it) 
2*.    Viscosity of th* new compound and Its solutions: 

 1C. 

 *C. 

2£ ^C. 

NEW COMPOUND 
•*. * 

in    solut'.ce 
100 a.  

b. "     100 
c.  9* 
d.   
••   
f. 

SOLVENT 

Njua 

iW. (13.1* *.) 

ln*lalStiaB 
HOB 

 NO*  

VISCOSITY at  TEMP.       METHOD USED 
Cantloolaaa °C. rafereaca 

Ji. 

TT 

I 

»*9 t»        no UC MC M0 
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25. 

29. 

30. 

SPIA/M3 

Under  comoatebi llty we irt  -onslderln? the ability  of  two ran 
OSKD 5758 p.  21-22)  over »  Ion? period of tl«»e wUhout stivers 
•>rooerties of either aaterlai.    THese tests nil!  orobably be 
the  fcllow'npi   (•)    Standard  jtiV.H'.y  tests,     (b)    Siaole   ot 
• •blent or accelerated  teaoeret'ire.     (c)  Preoare  thin sheets 
'Material.    S*~erete the sheets with striae of cigarette t»Der 
*  *£• ciaap.    After aeverel days note the oily collection on 
describe orocedure use'*.    Itea "t Is to Indicate results when 
al other than ethyl cellulose,  nitrocellulose or rubber.     T(.' 
and standard cutstance in a convor! solvent, dry 
exarining the resulting finr. for claritv and n 

Compatibility with ethyl cellulose:    ' 

nonnds to be  in intiaete contact  (Note 
e effec's  on either the chemle:sl cr ohysical 
of varied extent.    They aipht be aaae of 
serrations  of -xudatioo or separation at 
(.025* thick,  1" square) of the pl*«ticized 

or carbon peoer and compress  the stack  In 
the oaoer.       Please plve  reference tc oi 
tho comoouTid Is  In contact with soae iieterl- 

st performed bv dis?olvin;; sar.irle 
inp, rapidly en a piac.<-' ;.xa:e, ard 
or.orer.eit.v. 

-.rt  r.a.-'ple. 

26.    ConripaUbility with nitrocellulose:      Ratio. 
VTt 
jO/C'O 0orr»atiMc 
S0/5C ?pwpatltrn 
307?g 'Jur.ratille 

27.    CompaUbility with rubber: Ratio. 
'.vt sample 

riiUoer 
.fcs,y u In- compatible 
Sv/S 
3C/ 2c 

^r.patible 
Jncorit-at-ible 

28.    CompaUbility with 

Polymerizing properties of the new compound: 
(a)   By itself 
(b) In mixtures (»Uh additives) 
(c) Inhibiting action on polymerization of: 

Thlokol 
Methacrylate 
Other comoounds 

Availability 
a.  Amount now available? 

H 

When W»F available material first prepared? 
Amount prepared at that time?     

b. 
c. 
d. Is large production feasible?  _^  
e. Plant capacity in exlstance, lbs/day? 
f. Outline steps for a quantity production method 

Research quantities, 

'1.    Additional Information: (tnrlclty,  harards,  deterioration,  oxy**n balance, detonation rate, exnloelve 
power, ease of hydrolysis by water, etc.    List references,  renorte,  data books,  etc.  that refer to the 
roapound.)             
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